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with standard components 


Where a complete meteorological system 

P is required, Beckman & Whitley offers 
everything you need: |. Time-tried and 
proved anemometers, wind-direction units, 
; c thermal radiometers, soil heat-flow 
} = transducers, etc, of the highest quality and 
performance, and 2. A knowledgeable 
and experienced engineering and 
meteorological group prepared to develop 
these elements into a complete met system 
to meet your particular needs. 


# 


EXAMPLE: Illustrated here is a complete 
automatic wind-profile system created for 
IGY glacier studies. The logarithmic pickup 
array is composed of standard transmitters 
mounted on a standard meteorological mast 
and telemetered to standard translator units 
driving a special photographic recording unit. 


Shown below, this device automatically 
records the readings from digital counters 
representing the four wind-speed pickups, 
together with the indication from a clock 
face, operating on an interval basis which 
can be anything from seconds to hours. 
Wind direction is written on a standard 
strip-chart recorder. 


There are many other examples ranging 
from small portable weather stations to 
rocket-motor test-tower instrumentation 
running into dozens of pickup points on 
numerous towers, and data presentation on 
punch cards, typewriters, calculator tapes, 
and the like. 


Beckman Whitley INC. 


SAN CARLOS 4, CALIFORNIA 
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SCIENCE 


for the flue 


Hundreds of installations have proved the extra efficiency of 
Buell Dust Collection Systems. In mechanical collectors, only 
Buell cyclones have the exclusive Shave-off that traps an 
extra percentage of dust, large-diameter design that eliminates 
bridging and clogging. In electrical collectors, only Buell “SF” 
precipitators have features like high-emission, failure-proof 
Spiralectrodes. The results are high collection efficiency, freedom 
from shut-downs, minimum or no maintenance year after year 
in every Buell installation. Get the full story in “The Collection 
and Recovery of Industrial Dusts.” 

Write Dept. 51-B. Buell Engineering 

Company, Inc., 123 William Street, 

New York 38, New York. ; 


BUELL “SF" ELECTRIC PRECIPITATOR-CYCLONE 
CYCLONE PRECIPITATORS COMBINATION 


Experts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 
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Type Ww 
ROTO-CLONE 


AAF Dust Control helps reduce 
Los Angeles air pollution problem 


These pictures, taken on the roof of a smoke- inated by the Electro-Cell, a cell-type electro- 
house owned by Luer Packing Company in Los static precipitator. 
Angeles, graphically illustrate the job AAF 
equipment is doing to reduce air pollution. In 
this case, the wet-collecting AAF Type W 
ROTO-CLONE teams up with the AAF Model S 
Electro-Cell to eliminate all visible discharge. 


The battle against air pollution is a big one, 
and isn’t completely won yet. But in the forefront 
of the fight you'll always find AAF—the com- 
pany that has more knowledge gained through 
more experience with more dust problems than 


The Type W, on the “front line”, removes any other organization in the world. For more 
the heavy vegetable oil and fatty acids from information, contact your local AAF representa- 
the gas stream. The vapors and smoke are elim- tive or write us direct. 


Air Filters and 
Precipitators 


Ai Litter — setter ain 1s OUR 


BUSINESS 
COMPANY, INC. 


256 Central Avenue, Louisville 8, Kentucky 
American Air Filter of Lrd., Montreal, P.Q. 


Herman Nelson 


lerman Nelson 
Unit Heaters 
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The tabulation sheet shown here is over 40 feet long, 
filled top to bottom with single-spaced typewriter list- 
ings as in the enlarged section above... 


Each typewritten line tabulates an installation of Multiclone 
equipment—an installation of from one to nine separate 
Multiclone units ! 

These installations have been made in all parts of the world 
and in plants operating under widely-varying conditions. 
They include installations on virtually every type of dust col- 
lection problem —cement, non-metallic minerals, ferrous and 
non-ferrous metals, chemicals and many others. 


New Multiclone installations are being made every day, but at the 
time this tabulation was made there were 3,370 Multiclone units 
giving superior service to industry throughout the United States, 
Canada and other countries. 


What does this mean to you? Simply this—when you 
select “Multiclone” you are getting equipment that has over a 
quarter-century of experience behind it...equipment backed by 
the industry’s greatest fund of “know-how” in modern small tube, 
high-efficiency cyclonic collection. Although this unequalled ex- 
perience is a part of every Multiclone installation, you pay noth- 
ing extra for this vital advantage! 


Send For Descriptive Literature on Multiclone Equipment! 


Western Precipitation Corporation 


Designers and Manufacturers of Equipment for Collection of Suspended Material from Gases 
...and Equipment for the Process Industries 


. ve Main Offices: WEST NINTH STREET, LOS ANGELES 54, CALIFORNIA 
COTTRELL Electrical Precipitators 


MULTICLONE Mechanical Collectors Chrysler Building, New York 17 « 1 North La Salle Street Building, Chicago 2 + Oliver Building, 
ME eng) Pittsburgh 22 »* 3252 Peachtree Road N. E., Atlanta 5 * Hobart Building, San Francisco 4 
HOLO-FLITE Processors Precipitation Company of Canada Ltd., Dominion Square Building, Montreal 
Representatives in all principal cities 
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Your AIR POLLUTION and/or GAS RECOVERY Probiems 
SOLVED the EFFICIENT, ECONOMICAL ‘BUFFALO’ WAY! 


“BUFFALO” HYDRAULIC 
SCRUBBING TOWERS 


The Ideal Solution for... 

COKE BREEZE + FUNGICIDES 
CHEMICAL ALLOYS * FURNACE FUMES 
PHOSPHATE ROCK *+ LIME CALCINING 
GYPSUM BOARD + SOz or SOs PROBLEMS 


“Buffalo” Hydraulic Scrubbing Towers provide maximum 
efficiency in processing contaminants of the above type by 
utilizing a highly effective wet centrifugal cleaning method. 
The result is a compact, dependable unit capable of with- 
standing high temperatures, sticky, corrosive or abrasive 
dusts, fumes or gases. For full information on “Buffalo” 
Hydraulic Scrubbing Towers, contact your nearest “Buffalo” 
Engineering Representative or write for Bulletin AP-525. 


Every “Buffalo” product brings you the extra-value 
“Q” Factor —the built-in QUALITY that provides 
trouble-free satisfaction and long life. 


“BUFFALO’ GAS 
ABSORBERS 


Your Perfect Answer for... 


ACIDS AND BASES — Hydrochloric 
Acid, Hydrofluoric Acid, Nitric Acid, 
Sulphuric Acid, Ammonia * ORGANIC 

VAPORS — Acetic Anhydride, Acetic 

Acid, Ethyl Alcohol, Methyl Alcohol 
MALODOROUS GASES — Hydrogen Sul- 
phide, Sulphur Dioxide, Sulphur Trioxide. 
If you are faced with an industrial air pollution problem 
involving the removal of soluble gases, vapors and mists 
from exhaust streams before discharge to the atmosphere, 
“Buffalo” Gas Absorbers are your most practical solution. 
“Buffalo” absorption equipment is engineered to handle 
any required capacity, without adverse effect on efficiency 
or change in operating characteristics. Your “Buffalo” 
engineering representative will be glad to recommend the 
type of Gas Absorber best suited to fulfill your requirements. 
Contact him, or write us direct. We will be glad to send 
you full information, including Bulletin AP-225. 


BUFFALO FORGE COMPANY 
BUFFALO, NEW YORK 
BUFFALO PUMPS DIVISION, BUFFALO, N. Y. 


Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


VENTILATING e AIR CLEANING e AIR TEMPERING 


COOLING 
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Yh AIR POLLUTION CONTROL 


( Formerly -hirt Repair’ 


A QUARTERLY JOURNAL DEVOTED TO AIR PURIFICATION 


Printed in the United States Publications Committee 1957-58 
Editor: H. M. Pier B. E. Sawyer, Chairman 
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In Charlotte, North Carolina 


A. 1. S. 1. SAMPLER readings 


reveal year-to-year improvements in 


AIR POLLUTION CONTROL 


By making a graph of A.I.S.I. Sampler 
readings in Coh Units, Charles S. Frost, 
Director of the Charlotte, N. C. Depart- 
ment of Air Pollution Control, maintains 
an hour-by-hour, day-to-day, and year- 
to-year record of air pollution conditions 
in Charlotte. 

Results of any air pollution regulations 
put into effect can be determined almost 
immediately by reading the A.I.S.I. 
Sampler recordings. 

Charlotte, which is constantly im- 
proving conditions in cleaner air, is one 
of many municipalities throughout the 
country who are maintaining air pollu- 
tion records based on the readings of the 
A.I1.S.I. Sampler. 

The low cost of the A.I.S.I. Sampler 

, makes it feasible to locate a large number 
of them for complete coverage of a 
geographical area; and its quiet opera- 
tion overcomes any objections to its 
location in or near individual residences. 

Research Appliance Company manu- 
factures another sampler, the A.I.S.I. 
Hydrogen Sulphide Sampler, which 
measures the amount of hydrogen sul- 
phide in the air. It can indicate H2S 
concentration as low as one part per 
billion parts of air. 

It operates on the same principle as 
the Air Sampler, but is fitted with an 
air filter to remove suspended solids; 
and the tape assembly is enclosed to 
prevent blackening of the tape, outside 
the sample spot. 

TO ANALYZE THE SPOTS, 
Research Appliance Company manufac- 


Box 307 


tures a Spot Evaluator with which spots 
are evaluated by measurement of light 
transmission. 

Write for descriptive bulletins that 
give complete construction and _per- 
formance details of both the samplers 
and the Spot Evaluator. 


RESEARCH APPLIANCE COMPANY 


Allison Park, Pa. 
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Studies of Air Pollution Control 
By Southern California Edison Company* 


in recent years the unpleasant dis- 
covery was made that the air over our 
densely populated areas is not as un- 
lin ited as some of us had thought. 
Wi ile at one time all waste products 

ld safely be disposed of by dis- 

sal in the rivers or in the air, this 
.0 longer true, and stringent regu- 

‘ons have been made after several 

ious accidents had occurred. The 

t known are those of London, Do- 

ca, and Poza Rico, Mexico. No 

-h accidents have been reported 

m smog-plagued Los Angeles, and 
ex.ensive studies by epidemiologists 
have not been able to produce evi- 
dence that permanent damage to the 
health occurs in this area. Neverthe- 
less, the frequent visitation by the 
eye-irritating smog cloud has re- 
sulted in the adoption of a number of 
relief measures, some based on exten- 
sive research and others on experi- 
ence gained in other areas. 

Research has shown that the major 
cause of Los Angeles smog difficul- 
ties lies in the release of large quan- 
tities of organic material, mostly 
from automobiles“). These com- 
pounds are photochemically oxidized 
in the air by simultaneously emitted 
oxides of nitrogen, and these reac- 
tions give rise to eye-irritating and 
plant-damaging substances. An in- 
teresting side reaction during this oxi- 
dation produces relatively high con- 
centrations of ozone which attacks 
rubber tires and is largely responsible 
for the so-called oxidant effect of Los 
Angeles smog, currently used as an 
objectivemeasurement of smog se- 
verity‘) (3), The oxidant, being the 
result of a photochemical phenome- 
non, rises in the daytime and is low 
in the evening and during the night. 
These findings have resulted in ex- 
tensive recovery measures in the oil 
industry, and in research on better 
combustion in the automobile. A 


*Presented at the 50th Annual Meeting of 
the Air Pollution Control Association held 
at St. Louis, Mo., June 2-6, 1957. 


A. J. HAAGEN-SMIT 
California Institute of Technology 
Pasadena, California 


practical solution of this problem, and 
also the control of oxides of nitrogen, 
is still far away. 

Based on experience gained in oth- 
er areas, a great deal of stress has 
been laid on the control of directly 
visible pollution, dust and fume-pro- 
ducing sources. As a result, dust- 
fall has been reduced to half its for- 
mer value; open dumps, foundries, 
steel mills and many sources of 
readily detectable, objectionable 
fumes have been corrected. 

Careful investigations were made 
of industrial and municipal fuel- 
burning installations which were 
known to contribute considerably to 
air pollution in other areas. The 
problem in Los Angeles is, however, 
completely different, and a compari- 
son with Eastern cities and their ap- 
proach to clean air is rather useless, 
for no coal is burned in this area at 
all. Nearly all the power generated 
in this area is derived from petroleum 
products — fuel oil, gas and gasoline. 

The power plant engineer is an ex- 
pert in obtaining the maximum effi- 
ciency from his fuel. Routine indus- 
trial Orsat analyses are not able to 
detect any carbon monoxide; infra- 
red spectrofotometric methods re- 
vealed the presence of only a few 


TABLE | 


Analysis of Stack Gas* 


Gas Velocity, F./Sec. 
Gas Temperature, Deg. F. 
Insoluble Solids, Gr./SCF 


Ib./ Hr. 
Soluble Solids, Gr./SCF 
Hr. 
Water, % 
Sulfur Trioxide, SO;, ppm. 
Sulfur Dioxide, SO2, ppm. 
Oxides of Nitrogen, NO2, ppm. 
ORSAT ANALYSIS 
CO2,% 
O02, % 
CO, % 


No, Yo 


*Truesdail Laboratories Test No. 3, April 16, 
1956, p. 2, 


ppm. of carbon monoxide. The con- 
centration of hydrocarbons, alde- 
hydes and organic acids do not ex- 
ceed, as a rule 20 ppm. We may 
therefore, conclude that the combus- 
tion is, for all practical purposes, 
100% complete. A constant check 
on this is part of the regular routine 
in the station. Moreover, smoke 
density is continuously measured in 
the stack, and this information is re- 
corded in the control room. Also, the 
correct burning of the fuel is checked 
by means of a television set looking 
into the furnace. Under these ideal 
conditions, it would be expected that 
the stack gas would be wholly com- 
posed of carbon dioxide and water, 
the unused oxygen, and all the nitro- 
gen and other normal components of 
air. Unfortunately, this view is rath- 
er optimistic, for we are not dealing 
with pure hydrocarbons in fuel, but 
with a product which contains, be- 
cause of its origin, organic sulfur 
and nitrogen compounds. The inor- 
ganic materials, also present in the 
oil, give rise to a dust consisting, for 
the most part, of oxides of iron, 
nickel and vanadium. 

During the combustion, organically 
bound sulfur is oxidized completely 
to oxides of sulfur, mostly sulfur di- 
oxide, with a small amount of the tri- 
oxide. Depending on the nature of 
the nitrogen compounds, small 
amounts of oxides of nitrogen may be 
formed in addition to those produced 
in the fixation of atmospheric nitro- 
gen at the high temperatures reached 
in the flame. A typical analysis of 
stack gas from a fuel-oil burning 
plant (Southern California Edison 
Company, El Segundo Steam Station) 
is shown in Table I. The Los Angeles 
County Air Pollution Control District 
has made estimates of the total quan- 
tities of all the various pollutants 
from the various sources in the Los 
Angeles Basin. These estimates are 
a matter of public record. Table II 
lists the relative contribution of dif- 


Vol. 7, No. 4 


22 ‘ 
688 
0.055 
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TABLE I! 


Pollutants (Tons/Day) Emitted to the Atmosphere 
In Los Angeles County from Combustion Processes 


Oxides of Oxides of 
Nitrogen Sulfur Aerosols, 
Fuel Organics (as NOz) (as SOz) Dust 
Gas 20 100 100 10 
Oil 10 200 300 30 
Gasoline 1,000 400 40 30 
Refuse 100 20 20 100 
Total combustion 1,000 700 500 200 
Total emissions 2,000 700 600 200 


ferent fuels to the emissions from 
combustion sources alone. 


The estimates in Table II have 
been rounded off, because it is rare 
when greater accuracy than 20 to 
30% is obtained. This relatively 
large uncertainty is not a reflection 
on the quality of the work, but is in- 
herent to this type of analysis. Espe- 
cially in the case of computations of 
emissions of millions of automobiles 
and incinerators in all their variety, 
their different stages of disintegra- 
tion, and manner of operation, it is 
practically impossible to obtain a 
satisfactory average. Then we intro- 
duce then, in addition, different 
weather conditions, sampling and 
analytical difficulties, to mention 
only a few more variables, it is clear 
that a figure such as the emission 
from gasoline combustion, indicated 
as 400 tons of NO and 1200 tons of 
organics/day, must be accepted with 
considerable reservation. The hydro- 
carbon figure is probably reasonably 
accurate. There are differences of 
opinion on the quantity of oxides of 
nitrogen released by the automobile, 
and some maintain that the emission 
is nearly 800 tons/day. In the table, 
the lower figure has been chosen, 
which is already considerably higher 
than might be expected from the 
burning of 12,000 tons of gasoline/ 
day. 

Large scale testing of automobiles 
in the Los Angeles River bed has 
just been completed, and more defi- 
nite figures will be available in the 
near future. It is not expected that 
the refinement in the analysis will 
cause a revision in the policy of air 
pollution control, based on obtaining 
the maximum efficiency in combus- 
tion of all kinds — gas, oil, gasoline 
or refuse. It does, however, empha- 
size the importance of the control of 
oxides of nitrogen in power sources 
other than automobiles. 

Where methods of control are 
available, their application will be 
quite expensive in initial cost as well 


as maintenance, and it is therefore 
necessary to discuss first the question 
why emissions of power plant stacks 
should be controlled. In attempting 
to answer this question, it is well to 
distinguish here between local and 
widespread effects. 

While there is no debate about the 
necessity of controlling such nuisance 
effects, there is considerable differ- 
ence of opinion on the need for con- 
trol when no physiological effects are 
noticed on plants or animals. This 
is the case in the Los Angeles area, 
where complete lack of plant damage 
shows that the SO. content is less 
than 0.2 or 0.3 ppm. Chemical meth- 
ods tend to confirm these low values, 
although it should be realized that 
most SO. measurements made in the 
Los Angeles area are based on con- 
ductivity measurements which are 
easily interfered with by other elec- 
trolytes occurring in this area. The 
uncertainty of the analytical results 
is ever greater in the determination 
of sulfur trioxide, or rather, sulfuric 
acid. There is no indication that 
there is any free sulfuric acid in the 
Los Angeles atmosphere, and any sul- 
fate found was in bound form, either 
as calcium sulfate or ammonium sul- 
fate, both harmless substances. 

The investigations of Johnstone 
and Gerhard‘) have shown that the 
oxidation of SO. to SOx is quite slow, 
and in laboratory experiments it was 
shown that during a 24-hr. period 
only 44% of the SOz is converted to 
sulfuric acid. The authors come to 
the conclusion that the gas phase oxi- 
dation of sulfur dioxide of naturally 
polluted atmospheres in natural sun- 
light would not be significant in ef- 
fectively reducing the visibility, since 
it would require approximately 100 
hr. of noon sunlight to reduce the 
visibility to one mile. For those liv- 
ing in other parts of the United 
States, this statement may do away 
with any suspicion that SO, has any- 
thing to do with a decrease in visi- 
bility. For the average Los Angeles 


inhabitant, used to panoramic view of 
dozens of miles, Johnstone’s argu. 
ments are not so convincing. 

Recent investigations have directed 
the attention to the strong photo. 
chemical oxidizing effects of the ox. 
ides of nitrogen, and it has been 
shown that, in the photochemical oxi- 
dation of organic material under the 
influence of these oxides, aerosols are 
formed which are believed to be 
mainly responsible for the dense haze 
which accompanies the eye-irritating 
cloud. 

It is suspected that sulfur dioxide is 
also subject to an accelerated oxida- 
tion. Although this acceleration could 
not be established for the reaction in 
gas phase, there is a distinct possibli- 
ty that more rapid oxidation may take 
place in liquid phase reactions in fog 
droplets, or in a combustion of gas 
phase and liquid phase reactions at 
high humidity, whereby the presence 
of metal oxides may exercise a ca‘a- 
lytic effect. In speculations of this 
kind, we should also take into account 
that the concentrations of SO. and 
NO, at the exit of the stack are sev- 
eral thousand times higher than at 
some distance away. Some conver: | 
sion does take place at these higher 
concentrations, a fact which is fa- 
miliar to any one who has made at- 
tempts to determine accurately the 
concentration of SO. and in ex- 
haust gases. 


It is well known that the appear- 
ance of the plume varies greatly with 
atmospheric conditions, especially 
with high humidity and low tempera- 
ture. Plume formation due to the 
presence of SO; is noticeable at con- 
centrations of SO; above 20 ppm. The 
concentration of SO; measured in the 
flue gas of the El Segundo Station un- 
der ordinary conditions represents a 
borderline case. At times of high hu- 
midity, or low temperature, the plume 
is more pronounced than on dry and 
hot days, and on those hot, dry days 
the visible plume is probably caused, 
for the most part, by inorganic dust. 
These considerations are, of course, 
of interest to any one who installs 
corrective equipment. If the plume 
is caused by a conversion of SO, into 
SO3, the removal of the sulfur triox- 
ide is indicated. On the other hand, 
if dust is the major cause, electro- 
static precipitation would be the 
method of choice. At present, the 
opinions are divided on this subject, 
and while this question remains un- 
decided, both controls will have to be 
considered. 
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To study the removal of dust and 
sulfur trioxide, a Western Precipita- 
tion pilot installation has been in op- 
eration at the Redondo Steam Sta- 
tion, and more recently, a more re- 
fined unit of the same type was built 
at the El Segundo Station of the Edi- 
son Company to obtain data on the 
efficiency of collections at higher flow 
rates. An APRA precipitation unit, 
operating at a temperature of 700°F., 
is being tested at El Segundo. 

Studies on the control of the emis- 
sions of oxides of sulfur and nitrogen 
hy the electrostatic precipitator units 
show that dust and aerosol particles 
ere collected, and gases such as the 
oxides of sulfur and nitrogen are not 
removed. There is some removal of 
-ulfur trioxide, or sulfuric acid, and 
's concentration is reduced to 10-20 
-pm., or about half of its original 
‘alue. There is reason to believe 
‘hat, after installation of full scale 
nits of this type, the plume will have 
argely disappeared. 

It is not expected that the removal 
f dust and sulfur trioxides from 
ower plant emissions will have a no- 
iceable effect on the smog conditions 
n general in the Los Angeles basin. 
Attempts are therefore made to com- 
oine the installation of dust removal 
equipment with means of reducing 
the sulfur oxides, and especially, the 
oxides of nitrogen which are known 
to be essential components in smog 
formation. 


Control of Emission of Oxides 
of Sulfur 


Processes have been developed in 
the past which reduce sulfur oxides 
occurring in stack gases at concen- 
trations of several thousand ppm. to 
about one thousand ppm. In the 
burning of oil with low sulfur con- 
tent, sulfur dioxide concentration in 
the stack gas is already down to the 
thousand ppm. level; or lower. There 
is, at-_present, no satisfactory process 
which could handle economically the 
large quantity of gas of the order of 
half a million cfm. and reduce the 
sulfur dioxide concentration appre- 
ciably. The same is true for the re- 
moval of oxides of nitrogen. Proc- 
esses are known for the control of 
these gases in nitric acid plants, but 
here again, the concentrations are 
many times higher than we find in 
flue gases of Los Angeles power 
plants. 

There are several approaches to 
the problem of reducing the sulfur 
dioxide content of stack effluents: 


(1) Use of gas, or fuel with lower 
sulfur content. 

(2) Scrubbing of exhaust gases 
— (a) liquids, and (b) sol- 


ids. 
(3) Adsorption processes. 
(4) Chemical conversions, and 
coupling with processes 2 or 3. 

The Edison Company uses the 
maximum quantity of gas available, 
but the use of gas is unfortunately 
limited through its supply, and unless 
heroic measures are taken to increase 
importation of additional supplies, 
this shortage will be even more severe 
in coming years when more power is 
needed. The removal of sulfur from 
fuel is expensive, and would run into 
an increase in the fuel bill of several 
million dollars/year. The sulfur is 
present in complex ring systems and 
cannot be removed simply by wash- 
ing with alkali. 

The oil industry has been trying 
for years to break the heavy fuel oil 
to more valuable volatile products, 
but has not yet succeeded in doing 
this in an economically feasible man- 
ner. It is conceivable that a hydro- 
genation and special kinds of crack- 
ing processes could furnish more 
volatile fuel from which the sulfur 
has been removed as hydrogen sul- 
fide. Any one of these processes will 
increase the cost of power consider- 
ably. 

Scrubbing methods have been ap- 
plied on large power plants in Eng- 
land along the Thames River. In the 
Battersea effluent process, SO» is re- 
moved by scrubbing with very large 
quantities of slightly alkaline river 
water. In the Howden I.C.I. non- 
effluent process the gas is scrubbed 
with a water slurry of lime or chalk. 
The resultant calcium sulfate, is re- 
moved by sedimentation and filtra- 
tion, and is discarded. One of the 
objections to any scrubbing process 
is the cooling of the gases. Even 
though the gases are discharged from 
tall stacks they fall to the ground 


from time to time near the power | 


station. This results in a nuisance, 
according to reports from England, 
where 2 stations are equipped with 
scrubbing devices. In order to pre- 
vent local complaints, it is necessary 
to remove almost completely both the 
obnoxious gases, SOz as well as NOo, 
or reheat the flue gases before they 
leave the stack. 

Other scrubbing processes use am- 
monia in ammonium sulfite with the 
intention of producing some usable 
product in the form of ammonium 
sulfate or sulfur dioxide or sulfuric 


acid. Aqueous ammonia solutions 
are being used by the Olin Matheson 
Chemical Corporation for the re- 
moval of sulfur dioxide, and it is 
claimed that one stage scrubbing will 
reduce the concentration of SQ, in 
flue gas to 800 ppm.; a second scrub- 
bing brings the concentration down 
to 300 ppm. 

In the Fulham-Simon-Carves Am- 
monia Process, gases are scrubbed 
with a concentrated solution of am- 
monium salts (gas Liquor), ammonia 
being added at a rate corresponding 
to that of the absorption of oxides of 
sulfur. Oxidation of sulfur dioxide 
to the trioxide was encouraged 
through the addition of iron hydrox- 
ide and air. Even with low incom- 
ing gas concentrations of 500 ppm., 
reduction in concentration to 30 ppm. 
was accomplished. 

Wet scrubbing with organic sol- 
vents, such as xylidine has been con- 
sidered and is similar to the Gerbitol 
process whereby is removed 
from refinery wastes with diethanola- 
mine and similar basic solvents. In 
principle, the method can be applied 
to the removal of SOs. The low con- 
centration of the SO». and losses in 
solvents through the large volume of 
inert gas to be treated are not en- 
couraging. 

In general, the wet scrubbing proc- 
esses do not seem too promising aft- 
er the experience in London. The 
cost seems rather prohibitive when 
operating with low SO. concentra- 
tions. A cost estimate has been made 
by the U. S. Bureau of Mines ®) for 
the coal industry, and the table on the 
following page gives the estimated 
costs of 3 different processes, based 
on an assumed capacity of 20 million 
SCF/Hr., equivalent to 475,000 tons 
of coal/year. Annual operating costs 
are estimated for cases with and with- 
out the formation of saleable by- 
products. 

Dry scrubbing is generally not re- 
garded as economical because of poor 
penetration of the gases into the 
chemical agent or adsorbant. On the 
other hand, a selective removal of 
SO. and NO, by a solid has the ad- 
vantage that cooling of the gases as 
in a wet scrubber may be prevented. 
The combination with alkaline chemi- 
cals is probably limited to the use of 
lime. In this respect, a combination 
of the waste products of cement 
plants and power plants deserves con- 
sideration, when the location of the 
plants is favorable and means of dis- 
posing of the combined waste prod- 
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Annual Operating Cost 

Capital (Dollars/Ton of Coal) 
Process Cost No Credit | Credit 

Limestone $1,431,450 $1.23 $1.23 
Ammonia 2,855,500 3.00 1.40 
Sodium Sulfite 2,176,650 1.99 1.79 


of course, only feasible in a few se- 
lected areas and other means have to 
be found which are more generally 
applicable. 

A modification of the dry scrub- 
bing method consists in the introduc- 
tion of potential alkaline reagents, 
such as chalk, dolomite or lime in the 
fuel bed at different locations. Some 
experiments along these lines are be- 
ing conducted at the Southern Cali- 
fornia Edison Company El Segundo 
Station, mainly for the purpose of 
reducing the amount of sulfur triox- 
ide. These methods are not expected 
to reduce materially the SO. or NO, 
concentration. One disadvantage of 
the method is the addition of several 
tons of dust, which adds to the re- 
quired size of the precipitators. A 
possible advantage may be that the 
stack gases are somewhat less corro- 
sive. 

Several of the experimentally tested 
methods of SQ, control have been 
described in Mallette’s Problems and 
Control of Air Pollution. 


Adsorption Methods 


Adsorption on nonreactive media 
such as charcoal, silica and exchange 
resins opens the possibility of regen- 
erating the adsorbed gases in more 
concentrated form by a simple proc- 
ess such as heating, treatment with 
steam or elution with aqueous am- 
monia solutions. Bench experiments 
at the Southern California Edison 
Company El Segundo Station have 
shown that activated charcoal adsorbs 
considerable quantities of sulfur as 
well as nitrogen oxides, even at tem- 
peratures of 150°F. The quantities 
adsorbed on different kinds of char- 
coal are listed in Table III. Recovery 
was accomplished by heating to 500- 
700°F., whereby the SO, is removed 
in concentrated form. After the ad- 
sorption and description the char- 
coal can be used again. This quali- 
ty, very important for a successful 
technical application, is being inves- 
tigated. 

It has been observed that the ox- 
ides of nitrogen are adsorbed ahead 
of the sulfur dioxide and that they 
are gradually desorbed when the well 
defined SOQ. adsorption boundary 


moves forward to the end of the col- 
umn. Both oxides are concentrated 
in this process and existing methods 
of recovery could be applied without 
difficulty. 

A process of this type is no doubt 
expensive. One of the best grades of 
charcoal adsorbs/gr. of charcoal, all 
sulfur dioxide from 2 ft.° of flue gas, 
which means that at a rate of half a 
million ft.3/min. of flue gas, one 
needs every minute 21% tons of char- 
coal. The possibility exists of ac- 
complishing the adsorption in a flow- 
ing bed, as is being done for the 
separation of hydrocarbons by the 
petroleum industry. The conditions 
for sulfur dioxide adsorption are 
more favorable than for hydrocar- 
bons because of the large quantities 
of SO, adsorbed. Some of the char- 
coals used adsorb as high as 30% of 
their weight of sulfur dioxide at room 
temperature and 10% at 150°F., not- 
withstanding the high water and CO, 
concentrations. An additional ad- 
vantage is the complete absence in 
flue gases of gums which have given 
trouble in the technical application 
of adsorption methods. 


Chemical Conversions 


Many attempts have been made to 
convert sulfur dioxide into forms 
which would be easier to remove 


TABLE Ili 
Adsorption of Sulfur Dioxide on Charcoal 


from the gas stream. Reduction to 
hydrogen sulfide and sulfur, as well 
as oxidation to sulfuric acid have 
been carried out. Because of the low 
concentration of sulfur dioxide in 
flue gas, coupled with the presence of 
excess air, reduction methods seem 
not very promising. Oxidation to 
sulfuric acid, on the other hand, is 
carried out in the wet scrubbing 
Fulham-Simon-Carves process, but 
can also be accomplished by catalytic 
action of vanadium pentoxide. 


The Control of Oxides of Nitrogen 


In general, the oxides of nitrogen 
are more difficult to remove than the 
SO.. Scrubbing with alkaline re- 
agent removes only a part of the o-- 
ides of nitrogen, even though strong 
bases are used. The major portioa 
of the oxides of nitrogen originate 
in the fixation of atmospheric nitro- 
gen at the high temperatures of con - 
bustion. The rapid cooling of the 
gases is an important factor in the 
relatively high nitrogen oxide cor- 
tent of the stack effluent, since rapil 
cooling prevents a shift of the equ - 
librium to the lower NO concentre- 
tions normally found at lower tem- 
peratures. It follows that a change 
in cooling rate or combustion tem- 
perature through changes in burner 
design or in the furnaces themselves 
might effect a considerable reduction 
in the nitrogen oxides formed. 

There is also the possibility of de- 
composing the NO into nitrogen and 
oxygen, or of oxidizing it to the nitric 
acid stage. Both might be accom- 
plished catalytically. After the oxi- 
dation, the strong acid character of 
nitric acid would make removal by 


Flow 
emperature Rate Mgs. SOz/g. 
Charcoal* (°F.) Ft. */min tise 
A 77 0.1 153 
300 0.1 19 
B 77 0.1 285 
150 0.1 127 
300 0.1 29 
cs 77 0.1 54 
300 0.1 30 
D 77 0.1 244 
150 0.1 82 
220 0.1 62 
E 77 0.1 143 
F 77 0.1 253 
G 77 0.1 225 
etc., are code letters for the different charcoals tested. 


JOURNAL 


scr’ 
sib’ 
can 

as 
bin 
but 

of 
alo 
are 
ma 
cal 
ess 
| tic 
cat. 
w 
d:2 
th< 

t 
fy 
i 
tc 
vh 
19 
| 

FEBRUARY 
254 

of 


n to 
well 
have 
low 
> in 
e of 
seem 
1 to 
is 
Ing 
but 
lytic 


ogen 
the 

Te- 
rong 
tioa 
nate 
itro- 
- 

the 

the 
cor - 
apil 
qu: 
ntra- 
tem - 
ange 
tem- 
mer 
elves 
tion 


de- 
and 
itric 


r of 


l by 


scrubbing with alkaline reagent a pos- 
sibility, although the same objection 
can be raised against wet scrubbing 
as in the case of SO». Chemical 
binding with lime is also a possibility, 
but will be dependent on the presence 
of cement factories. While work 
along these lines is going on, attempts 
are being made to eliminate the re- 
maining oxides of nitrogen by chemi- 
ca! means. The most attractive proc- 
ess would consist in the decomposi- 
tien to nitrogen and oxygen, and 
caialytic agents are being sought 
wich will accomplish this. 

Another approach is based on oxi- 
d-zing the oxides to nitric acid, which 
then could be removed by scrubbing 
p ocesses. The simultaneous pres- 
e'ce of sulfur dioxide suggests the 
p ssibility of using reactions similar 
t. those in the lead chamber process 
f r making sulfuric acid. There are 
i dications that catalytic agents can 
| > used to convert both sulfur and ni- 
t ogen oxides to the higher oxides 
\ hen excess air is present. 

It is clear from the foregoing that 
10 matter which process will ulti- 
1 ately be developed, the cost will be 
ligh. The return on valuable by- 


products will be small, and even 
doubtful when all fuel burners begin 
to recover sulfur and nitrogen oxides. 
There is also no doubt that there will 
be a demand for ever-increasing com- 
pleteness of the control, since the end 
of the population increase is no- 
where in sight. 

Such situations demand extraordi- 
nary methods, and one of these is the 
decision of all power generating 
agencies to work together to exchange 
information on anything that may 
lead to a solution to the problem of 
stack gas control. This decision is 
comparable to one taken several years 
ago in Pittsburgh when a council was 
formed by a group of people who had 
‘only one goal in mind — to clean up 
Pittsburgh. Forgetting private inter- 
ests, these representatives of different 
industries prepared and carried out 
a campaign in air pollution control, 
which resulted in a marked improve- 
ment in the Pittsburgh atmosphere. 

In Los Angeles, the Joint Research 
Council on Power Plant Air Pollution 
Control has been operating quietly 
since March of 1956. Its members 
include representatives from all the 
power companies in this area, to- 


gether with delegates from the Los 
Angeles County Air Pollution Con- 
trol District. These men meet regu- 
larly to exchange information on the 
research program now under way, 
and this in itself, is a big step in the 
right direction. 
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Effluents from nuclear power plants 
differ from general industrial wastes 
because of one major factor; name- 
ly, the possibility of their containing 
radioactivity. This is the result of the 
inherent radioactivity of the reactor 
fuel and of the fission products 
formed by splitting of these fuel 
atoms. The effluents could also con- 
tain substances which become radio- 
active through exposure to the neu- 
tron flux of the reactor. In view of 
the characteristics and potential of 
the radioactivity as an environmental 
contaminant and a biological hazard, 
particularly for those isotopes with 
long effective life, the safe handling 
and ultimate disposal of wastes from 
the nuclear power installations are in- 
tegral and important aspects of their 
designs and operations. More money 
probably has been spent and more sci- 
entific and technological effort con- 
centrated on operations, as well as on 
research and development with regard 
to this industrial waste, than on any 
other industrial contaminant we have 
known. 


Virtually all activity in the field of 
atomic energy is currently under the 
administration of governmental agen- 
cies or contractors. The success of 
their efforts is attested by the few re- 
ports of injury and damage set forth 
in the recent report Radiation Safety 
and Major Activities in the Atomic 
Energy Programs), Radiation ex- 
posure records of more than nine 
years of routine operations by 32 
principal contractors of the Atomic 
Energy Commission show that 99.4% 
of nearly 200,000 workers monitored 
received less than 14 of the amount of 
radiation exposure deemed accept- 
able. Accident records show that in 
the past 11 years, there have been 
only 16 radiation accidents of con- 
tractors’ employees, 2 of which caused 
2 deaths in 1945 and 1946. 


* Presented at the 50th Annual Meeting of 


the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 
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The amounts of fission products on 
a weight basis formed in a reactor are 
really quite small. For example, a 
400 thermal megawatt reactor, ca- 
pable of producing some 100,000 kw. ‘ 
of electricity, will form about 1 lb. of 
fission products/day. 

Air pollution problems associated 
with nuclear power plants could arise 
from contamination of the environ- 
mental atmosphere with these radio- 
active materials if they are not con- 
trolled. The maximum permissible 
concentrations of radioactive material 
in the atmosphere have been estab- 
lished by the National Committee of 
Radiation Protection of the National 
Bureau of Standards for the protec- 
tion of personnel and the general pub- 
lic.'2;3) Federal and state agencies 
concerned with the use and disposal 
of radioactive materials, such as the 
Department of Commerce, Labor and 
Public Health, as well as the U.S. 
Atomic Energy Commission, have all 
set up regulations which limit the ex- 
posure of personnel to radiation, and 
concentrations of radioactive material 
which may be discharged into air and 
water, and the ultimate disposal of 
these radioactive wastes. Their ex- 
posure and concentration limits are 
essentially the same as those estab- 
lished by the National Committee of 
Radiation Protection. The regulations 
must be followed in the handling of 
all radioactive materials subject to 
the licensing authority of the U.S. 
AEC.) 


Sources of Radioactivity 


In addition to nuclear reactors, a 
nuclear power industry requires 
chemical plants for reprocessing spent 
reactor fuels, with waste disposal sys- 
tems and other facilities. The fission 
products generated by operation of 
the nuclear reactor accumulate with 
time within it, resulting in a reduction 
of the fission reaction rate, soon re- 
quiring separation of these products 
from the fuel. A second reason for 
reprocessing fuel from many reactors 


when it is only partially burned up i: 
that the extreme intensity of the ra. 
diation may damage the solid fue 
elements by causing intolerable di 
mensional changes. The fuel is ther 
processed for reuse of the fissile ma 
terials while the fission products mus: 
be diverted for disposal or recoverec 
for use as radiation sources. The 
chemical reprocessing and waste dis- 
posal facilities, unless subjected to the 
same stringent control imposed on the 
reactor plant, could be sources of air 
or water pollution from causes simi- 
lar to those observed in any other 
chemical plant or disposal facility. 


Air Contaminants 


Concentrations of radioactive sub- 
stances may be hazardous to people 
exposed within the range of actions 
of the radiations and particles emit- 
ted. The principal potential hazard 
of nuclear power plants is associated 
with the escape of fission products. 
These fragments of the original ura- 
nium or plutonium atoms are radio- 
active and decay with the release of 
energy and particles to daughter 
atoms which may also be radioactive. 
Such radioactive chains of fission 
products include over 200 isotopes 
with mass numbers 72 through 161. 
About 40% of these fission products 
exist in the gaseous form and decay 
to stable, non-volatile, non-radioactive 
elements. 

Radioactive air contaminants may 
be grouped into 4 general classifica- 
tions which include: 

(1) Volatile fission products, 

(2) Non-volatile fission prod- 

ucts, 

(3) Particulate dispersions of 

fuel materials, and 

(4) Induced activity of gaseous 

and/or particulate compo- 
nents of exposed air. 

These vary in importance as haz- 
ards, depending upon the reactor 
type and the probability of accidental 
release. They are discussed in the 
following: 
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(1) Volatile Fission Products 
usually include the isotopes of the 
halogens bromine and iodine, and the 
noble gases xenon and krypton. At 
elevated temperatures others, includ- 
ing rubidium, cesium, antimony, tel- 
lurium, etc., may escape from the 
fuel. Many of the daughter products, 
while non-gaseous, are radioactive 
and must be taken into account since 
they may be created by transmuta- 
tion while in an effluent stream. Be- 
ing electrically charged atoms, the 
sclid daughters can affix themselves 
tc dust partciles of the air and on 
sclid surfaces. The particulates may 
be controlled by filtration. A gase- 
o:s, volatile fission product of major 
c neern is iodine-131 which (a) is 
p oduced in relatively large amounts, 
(») has a relatively long half-life of 
8 days, and (c) when inhaled, con- 
c-ntrates in the thyroid to produce an 
i: tensified effect. The maximum per- 
pn issible concentration (MPCa) in air 
f r continuous exposure of humans to 
t is isotope is 3 10°! microcuries/ 
c bic centimeter (yc/cc.). (A curie 
i. a standard unit of radioactivity de- 
fined as the quantity of any radioac- 
tve nuclide in which the number of 
cisintegrations/sec. is 3.7 10'°.) 
When this maximum permissible con- 
centration of iodine-131 is expressed 
as atom parts/part of air, an incon- 
ceivably small number is found: 
namely, one part of iodine-131 to 
10!8 parts of air. Fortunately, iodine 
can be removed readily from process 
off-gases by chemical interactions. 

Radioactive xenon and krypton in 
the air produce principally an exter- 
nal, rather than an internal hazard. 
The quantities of xenon and krypton 
produced in a commercial scale pow- 
er reactor are many times too great 
for immediate discharge to the atmos- 
phere, even using the most efficient 
means for dispersal. Measures must 
be employed for the retention of these 
highly radioactive gases until they 
have decayed sufficiently for release. 
After a 120-day decay period, the only 
radioactive isotope of xenon and 
krypton remaining in any significant 
quantity is krypton-85. However, the 
quantity of krypton-85 is small 
enough that safe disposal from most 
reactor power plants can be accom- 
plished by dispersion into the atmos- 
phere from a tall stack. This radio- 
active isotope could also be recov- 
ered for use as a beta-ray radiation 
source. 

(2) Non-Volatile Fission Products 
include all but the noble gases and are 
encountered as particulates in efflu- 
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ent gaseous streams. Halogen com- 
pounds may be in this group also. 
These particles may become airborne 
as a result of processes which allow 
the escape of finely divided solids, 
generated mists, sprays, or droplets. 
The non-volatile fission products in- 
clude some of the most significant 
contaminants. One of these is stron- 
tium-90 with its active daughter, 
yttrium-90, which has a MPCa value 
of 2 &K 10" ye/ec., a value of 15 
times less than that for iodine-131. 
The uncontrolled release of the non- 
volatile fission products must be care- 
fully prevented as they constitute the 
major portion of the total activity 
produced in nuclear reactors. 

(3) Particulate Dispersed Fuel 
Materials are fissionable isotopes of 
uranium and plutonium. When 
these heavy metals disintegrate, they 
give off high energy, strongly ionizing 
alpha particles and the effects of 
which, within the body, are more 
damaging than those from gamma 
rays and beta particles. Like radium, 


these metals seek out bone tissue 


where their damagnig effects are ac- 
cumulated over a long period of time. 
The low MPCa values (2 « 107% 
pe/cc. for plutonium-239) make dif- 
ficult the problem of air monitoring, 
due to the presence of alpha emitters 
from natural radon and thoron com- 
pounds which in themselves are of 
little consequence. 

(4) Induced Activity arises when 
air is used for cooling reactors as the 
dust and impurities it carries may be- 
come activated in the high neutron 
flux. For this reason, cooling air must 
be filtered. Even so, various gaseous 
components of air may become acti- 
vated by exposure to a neutron flux. 
The concentration of nitrogen-16, 
argon-41, oxygen-19, and neon-23 
produced, vary with the power level 
of the reactor and with the flow rate 
of the coolant air. Few reactors in 
this country, except for several small 


experimental reactors, are air cooled; 
however, ventilating air may be 
caused to circulate inside the shield- 
ing of some types of reactors, thereby 
also becoming activated. The maxi- 
mum permissible concentrations for 
a few of the more frequently encoun- 
tered radioactive isotopes in air are 
listed in Table I. These concentra- 
tions apply for continuous exposure 
in unrestricted areas. 


Reactor Types 


Utilization of atomic energy for 
peaceful purposes, although in its in- 
fancy, is advancing at a fast pace. In 
this country, the nuclear reactor busi- 
ness has tripled in 1956, with indus- 
try building or contracting for 59 
new reactors (29 power reactors, 30 
research and test reactors). Indus- 
trial spending on all phases of atomic 
energy will total approximately $500 
million this year and about $270 mil- 
lion will be spent for civilian and 
military power reactors alone in 
1958.*) 

The primary purpose of the intense 
program under way for power reac- 
tors is the demonstration of techni- 
cal and economic feasibility of some 
reactor types. As a part of this pro- 
gram, the first commercial-scale ci- 
vilian power reactor in this coun- 
try, the Pressurized Water Reactor 
(PWR), capable of producing 65000 
kw. of electricity, will be placed in 
operation the latter part of this year 
at Shippingport, Pennsylvania. Out 
of the development program have 
emerged many different types of re- 
actors: pressurized water, boiling 
water, homogeneous, sodium graph- 
ite, liquid metal fuel, fused salt, fast 
breeder, organic moderated, etc. 

However, nuclear reactors are 
more generally classified as 2 types 
according to the manner in which the 
fuel and moderator are distributed: 
homogeneous or heterogeneous. Mod- 


TABLE | 


Tolerance Concentrations for Radioisotopes in Air 


Radioisotope 


Maximum Permissible Concentrations 
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erators, usually graphite or water, are 
employed in all reactors, except fast 
reactors, to curb the speed of the neu- 
trons and so create extra fission re- 
actions. 

In homogeneous reactors, the fuel 
is distributed throughout the fluid ei- 
ther as a soluble metal or salt, or as 
finely dispersed solid particles called 
slurries. The fluid may be heavy or 
light water, a molten metal or a fused 
salt. In this type of reactor, the fuel 
is pumped through heat exchangers 
and transfers the heat generated in 
the reactor core to a secondary steam 
system. One main advantage of the 
homogeneous type reactor is that the 
fission product content can be main- 
tained at a low level by continuously 
withdrawing a side stream from the 
reactor and separating the fission 
products from it, all operations being 
carried out with the fuel in easily- 
handled solution or slurry form. Fuel 
to replace that burned up can be 
added continuously to the reconsti- 
tuted fuel as it is returned to the re- 
actor system. 

In this type of reactor, the volatile 
fission products are liberated directly 
from the fuel almost as soon as they 
are formed. Homogeneous power re- 
actors, which have been designed, in- 
clude the aqueous systems such as the 
Homogeneous Reactor Test (HRT) 
at Oak Ridge National Laboratory, 
and the Pennsylvania Advanced Re- 
actor (PAR) sponsored by Pennsyl- 
vania Power and Light Company, and 
the fused bismuth metal systems, such 
as the Liquid Metal Fueled Reactor, 
proposed by Brookhaven National 
Laboratory, provide for several 
months hold-up of the gases on acti- 
vated charcoal adsorbers in the off- 
gas facilities. After this hold-up pe- 
riod, only the krypton-85 isotope re- 
mains in any appreciable quantity in 
the off-gas stream, which is diluted 
with large amounts of air before be- 
ing sent up the stack. 

In heterogeneous reactors, the 
fuels in some convenient form, such 
as metal plates or rods with protec- 
tive coatings, cans or tubes, are 
spaced in a lattice arrangement 
throughout a volume of moderator. 
An example of this type employs an 
arrangement of plates consisting of 
uranium-zirconium alloy in a zir- 
conium cladding. The unit is sub- 
merged in a light water which acts 
as moderator and also provides cool- 
ing when circulated through a heat 
exchanger. 


The solid metal fuel must be pro- 


FEBRUARY 


tected from oxidation and corrosion 
by a jacket that (1) is a good heat 
conductor, (2) has good structural 
properties at high temperatures, (3) 
has low neutron absorption, and (4) 
has high corrosion resistance. A 
metal fulfilling these requirements 
quite well is zirconium. Since the 
radioactive fission products are 
formed within the canned metal, no 
large amount of fission product ac- 
tivity can be released unless there are 
imperfections in the jacket. These 
may occur during fabrication of the 
fuel element or by rupture of the 
jacket during handling and operation. 

There are 2 sources of airborne 
contamination connected with the op- 
eration of solid fuel power reactors. 
The first source as previously men- 
tioned is an imperfection or failure 
of the jacket which protects the metal 
fuel elements. Even a pin-hole leak 
in a iacket will permit release of the 


Fig. |. Spherical containment vessel at 
Knolls Atomic Power Laboratory, operated 
by General Electric Company. 


fission products to the coolant stream. 
The uranium will readily oxidize at 
high temperature, and particles of 
uranium oxide which contain fission 
products will be carried out by the 
coolant. The Oak Ridge graphite- 
uranium reactor, which has a single- 
pass air cooling system, has an elab- 
orate filter installation to prevent 
particles larger than submicron size 
from escaping in case of an acciden- 
tal slug rupture. 

The second source of air contami- 
nation in normal reactor operation is 
induced activity of the coolant. The 
coolant may be used in a single-pass 
system or circulated in a closed loop. 
The amount of activity formed in the 
coolant may be determined for each 
element. It depends on the neutron 
flux, the absorption cross-section for 
the element, the concentration of the 
element in the coolant, and the half- 
life of the isotope formed. 

Almost all of the activity produced 
in air passing through a reactor is 
from argon which normally comprises 


about 0.93 weight % of the air. Per- 
missible concentrations of radioactivi- 
ty may be achieved by diluting the 
coolant and placing the point of dis- 
charge in a favorable location. At 
the Brookhaven National Laboratory, 
the effluent stack servicing the air 
cooled reactor is over 300 ft. tall. 
The volume of air flow for cooling 
the reactor is about 300,000 ft.2/min. 
The air is filtered before it enters the 
reactor by American Air Filter FG- 
100 deep-pocket filters and again be- 
fore it leaves the reactor building by 
Dollinger Glasstex deep-pocket filters 

If the intake air is not filtered, o: 
if in flow through ducts to the reac. 
tor the air picks up dusts of various 
kinds, the dusts become irradiated ir 
the reactor and contaminate the cool. 
ing air streams with radioactive par- 
ticulates. Usually the incoming air 
is filtered, and provision is made to 
prevent dust in air passageways and 
ducts. 


If water is the coolant, the dis- 
solved impurities are often a source 
of great activity, and consequently the 
water is usually highly purified and 
demineralized by ion exchange, etc. 
In normal reactor operation, however. 
the cooling water is not a source of 
airborne activity. 


All reactor plants being designed 
and built in this country for the pro- 
duction of electrical power have cool- 
ants circulated in a closed loop. Most 
of them use gas-tight containment ves- 
sels to ensure that there will be little 
possibility of release of radioactive 
gases and particulate material to the 
atmosphere in the event of a major 
failure of any part of the reactor or 
coolant circuit. A containment vessel 
is an outer structure which encloses 
the entire primary reactor vessel and 
all or portions of the primary coolant 
circuit. Such vessels must be de- 
signed to withstand without leakage 
the most disastrous incident assum- 
able under operating conditions. 
These are called the maximum cred- 
ible accident. Fig. 1 shows the spheri- 
cal containment vessel at Knolls 
Atomic Power Laboratory, operated 
by the General Electric Company. 
This vessel houses the reactor and 
auxiliary power generating equipment 
which is the prototype for the Navy’s 
Seawolf submarine. 

In Fig. 2 is seen a front view of the 
Experimental Boiling Water Reactor 
Building at Argonne National Lab- 
oratory near Chicago. The trans- 
former substation is at the rear. This 
reactor was completed late last year 
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Fig. 2. (above) Front view of the Experimental Boiling Water 
Feactor at Argonne National Laboratory. 


fig. 3. (right) Experimental Boilin 


Water Reactor at Argonne 


tlational Laboratory. Perspective of entire plant. 


Fig. 4. One of the air-lock doors in the gas- 
tight power plant building, Experimental 
Boiling Water Reactor at Argonne National 


Laboratory. 


WATER STORAGE TANK 
EL. 792'-0"_ 


REINFORCING RINGS 


and is now operating since February 
9, 1957, at its full design power level 
of 5000 electrical kw. A perspective 
view of the entire plant is shown in 
Fig. 3. The reactor and all auxiliary 
equipment are located in the airtight 
containment vessel. The operating 
area is completely outside the con- 
tainment vessel. Entry into the gas- 
tight power plant building can be 
made only by going through air-lock 
doors, one of which is shown in Fig. 
4. During normal operation, one of 
the doors is in a closed position. Fig. 
5 shows a sectional view of the power 
plant building. The main floor plan 
of the power plant building is seen in 
Fig. 6 and in Fig. 7 is seen the 
multiple steel beam on top of the re- 
actor which guarantees against an up- 
ward explosion of the reactor. Fuel 
handling equipment is shown in back- 
ground, A general view of the lower 
half of the containment during con- 
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Fig. 5. Sectional view of Power Plant Building of the Experimental 
Boiling Water Reactor at Argonne National Laboratory. 
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struction is shown in Fig. 8. The 
vessel is 80 ft. in diam. and 119 ft. 
high. The cylindrical portion is con- 
structed of % in. steel and the dome 
of % in. steel. Approximately 74 of 
the building is constructed below 
grade. The vessel can withstand 15 
psig. internal pressure, with leakage 
of less than 100 ft.*/24 hr. 


Supporting Facilities 


Chemical Reprocessing Plants 


In a chemical reprocessing plant, 
solid fuel elements are dissolved and 
processed to separate the unfissioned 
uranium from the fission products. 
The gaseous radioactivity liberated 
when spent metallic fuel is dissolved 
consists principally of the noble gases 
xenon-133 and krypton-85 and the 
halogens iodine-131 and bromine-82. 
Of these elements, the one of primary 
concern is again iodine-131. 
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Fig. 6. Power Plant Building Main Floor Plan of the Experimental 
Boiling Water Reactor at Argonne National Laboratory. 
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Fig. 7. View of Power Plant Building Main Floor showing multiple 
hold-down beams and fuel-handling equipment. 


Experimental Boil- 


ing Water Reactor at Argonne National Laboratory. 


For removal of gases such as io- 
dine-131, scrubbing with spray or 
baffle plate scrubbers, utilizing caustic 
absorbents only, yields efficiencies of 
60 to 80%. Use of silver reactions 
has been applied successfully for 
trapping out iodine. A silver reduc- 
tor unit composed of a tower packed 
with beryl saddles coated with silver 
nitrate and maintained at an elevated 
temperature gives removal efficiencies 
of iodine greater than 99.99%. Most 
of the units installed remain in opera- 
tion for periods beyond 2 years be- 
fore replacement or regneration is 
required. 


The radioactivity in the off-gases 
depends upon the age of the irradiat- 
ed fuel, counted from the time the 
fuel was removed from the reactor. 
It is common practice to allow a 
reasonable cooling period of about 
120 days for radioactive decay be- 
fore dissolving and thereby reducing 
the activity of the off-gases by a fac- 
tor of 10000 or more. Aging is used 


in ae to reduce the iodine haz- 
ard. 


In fuel reprocessing plants, the ac- 
tual operations are carried out in 
sealed compartments or cells by re- 
mote control and behind much shield- 
ing to reduce the intense radiation 
from the process. Most equipment 
is installed in duplicate to prevent 
clogging or leaking pipelines or 
valves es hindering the operation. 
Off-gas systems are provided in cells 
which will handle the gases and mists 
evolved in any of the process vessels. 
Studies made on the stack effluent of 
such systems have shown that almost 


" all of the effluent is either gaseous or 


of a particulate nature less than 1 » 
in diam. Before being sent up into 
tall stacks for dispersal into the at- 
mosphere, the effluent gases are 
cleaned of particulate matter by vari- 
ous high-efficiency units including 
electrostatic precipitators, wet col- 
lectors, CWS-type filters, sand and 
glass fiber filters. Replaceable filter 
units must be designed for easy re- 
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Fig. 9. Schematic design of the waste gas collection system at Oak 


Ridge National Laboratory. 
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National Laboratory. 


Fig. 8. General view of the lower half of the Containment Vesse! 
during the construction of the Experimental Boiling Water Reactor 
at Argonne National Laboratory. 


placement. Owing to their usually 
highly contaminated condition after 
use, very careful methods must be 
employed when changing these ex- 
haust filters, after which they are 
generally permanently buried. 
Supplementing the system for off- 
gas treatment, a separate system for 
the ventilation air of the cells is usual- 
ly installed. This air is also scrubbed 
or filtered before it goes up the stack 
in the event that a leak or failure of 
process equipment releases activity 
into the cell. Fig. 9 shows a sche- 
matic design of the waste gas collec- 
tion system at ORNL. Off-gases 
from dissolver and process vents first 
pass through the Cottrell Electrostatic 
precipitator and American Air filters 
before being discharged up the 250 
ft. stack. Ventilation air is filtered 
by American Air and CWS-type fil- 
ters, if necessary, before being dis- 
charged. The base of the 250 ft. 
stack and Cottrell precipitator are 
shown in Fig. 10. A close-up of the 
Cottrell precipitator is shown in Fig. 
11. The wall of concrete blocks which 
partly surrounds the _precipitator 


serves as a gamma shield for person- 
nel protection. 


Fig. 10. Base of 250 ft. stack and Cottrell precipitator at Oak Ridge 
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Waste Disposal Facilities 


Radioactive wastes which are liq- 
uid or solid require separate disposal 
facilities in addition to those already 
mentioned. These facilities include 
treatment plants for chemical resi- 
dues, incinerators, sewage plants 


| which handle radioactive liquid 


wastes, and burial and storage areas 
for solid wastes. 

There are 2 philosophies which are 
applied to the disposal of radioactive 
wastes. These are (a) concentrate 
and contain and (b) dilute and dis- 

Tse. 

Examples of the first policy are (1) 
the evaporation or segregation of 
liquid wastes followed by piping into 
tanks or underground cribs and (2) 
the burial of contaminated solids or 
drums of liquid. Certain high-level 
wastes may be contained in concrete 
mixes before burial. Adequate cov- 
erage is provided to shield against ra- 
diation at the surface. 

At particular sites off the Atlantic 
and Pacific coasts, radioactive solid 
wastes are disposed of at sea by 
dumping in designated areas in water 
off the continental shelf. It is the 
general practice to encase these wastes 
in a mixture of concrete, usually 
within steel drums. 

As an example of the second policy, 
the closely regulated discharge of liq- 
uid waste to rivers and streams is 
cited. Large retention basins are 
used to permit radioactive decay be- 
fore liquids are finally released. Of 
course, the discharge of gaseous 
wastes through stacks and vents is 
another example of the dilute and dis- 
perse principle. 

An operation which will most like- 
ly be carried out in chemical reproc- 
essing plants, in addition to recovery 
of fissionable material, is the separa- 
tion of special radioactive isotopes of 
high activity for use as radiation 
sources. Such a separation operation 
may produce gaseous effluents simi- 


lar to those found in the reprocessing 
plant itself. 


Measurement and Monitoring of 
Airborne Activity 


Radioactivity cannot be detected 
by human senses or by ordinary 
analytical techniques applied to other 
industrial wastes; however, with prop- 
er instrumentation, it can readily be 
measured at significant levels. Also, 
it is virtually impossible, as well as 
uneconomical, to treat any given 
amount of an element so that its ra- 


of APCA 


dioactivity is reduced. Time is the 
only significant factor that will reduce 
radioactivity. 

To measure the gross activity of ra- 
dioactive gases, continuous monitors 
are in common use today in nuclear 
plants. The monitor usually con- 
sists of a gas chamber with detector. 
pumping system, flow-rate meter, and 
recorder. The radioactive gas to be 
monitored is passed through a filter to 
eliminate contamination of the gas 
chamber by airborne radioactive par- 
ticulates. Depending upon the appli- 
cation and the type of radiation emit- 
ted, the gas chamber houses either a 


Fig. 11. Close-up of Cottrell precipitator 
at Oak Ridge National Laboratory. 


scintillation, proportional, or a Gei- 
ger-Mueller detector. The gas cham- 
ber is surrounded by a thick lead 
shield to eliminate background radia- 
tion interference. A vacuum pump 
usually provides for a flow of 5 to 10 
ft.3 of air/min. through the gas 
chamber. In some cases, it may be 
desirable to differentiate between vari- 
ous types of gas activities, and this 
can be accomplished by use of a pulse 
height analyzer. 

In most installations it is desirable 
to monitor particulate matter, as well 
as gaseous activity. Devices employed 
for monitoring particulate radioac- 
tivity in the atmosphere employ fil- 
ters of 2 general types: the fixed filter 
and the continuous moving filter. The 
fixed filter is constructed so that air 
is drawn through a filter at a known 
rate for a measured period of time. 


261 


The exposed filter is then removed 
from the sampler and monitored for 
radioactivity. The fixed filter has 
the disadvantage of not furnishing a 
continuous record of the instantane- 
ous amount of radioactivity in the 
sampled air. 

The continuous moving filter sys- 
tem records the level of radioactivity 
collected on a moving tape of filter 
paper. The rate at which the sample 
is drawn through the filter paper and 
the speed of the moving filter, when 
combined with the counting rate of a 
scintillation, proportional, or Geiger- 
Mueller detector, permit calculation 
of radioactivity in the atmosphere on 
a continuous basis. 

Each nuclear plant should have a 
Health-Physics Department which is 
responsible for the protection of per- 
sonnel from the harmful effects of ra- 
dioactivity. Its activities would in- 
clude routine procedures of radiation 
protection, area and personnel moni- 
toring, the recommendation of ap- 
propriate protective clothing and 
laundering, safe equipment and pro- 
cedures, the determination of accept- 
able standards of operation, and the 
solution of problems incident to the 
effective and practical protection of 
all personnel from harmful effects of 
radiation. In addition, the Health- 
Physics Department would be re- 
sponsible for the maintenance of safe 
levels of radioactivity in neighboring 
areas and environment for the pro- 
tection of the general public. 


Acknowledgment 


The writers wish to express their 
sincere appreciation to the Argonne 
National Laboratory, the Oak Ridge 
National Laboratory, and General 
Electric Company for sending the 
photographs and allowing us to pre- 
sent them in this paper. 


References 


1 Radiation Safety and Major Activities in 
the Atomic Energy Programs. July- 
December 1956, USAEC, (Jan. 1957). 


* 2 N.B.S. Handbook 52, Maximum Permis- 


sible Amounts of Radioisotopes in the 
Human Body and Maximum Permissible 
Concentrations in Air and Water. 

3 N.B.S. Handbook 59, Permissible Dose 
from External Sources of Ionizing Ra- 
diation. 

4 Federal Register, Title 10 — Chapter 1, 

Code of Federal Regulations: Part 40, 

Control of Source Material; Part 50, Li- 

censing of Production and Utilization 

Facilities; Part 70, Special Nuclear Ma- 

terial. 

These are facts made known by Lewis 

Strauss, U.S. AEC Chief, and published 

in _— Atomics Report, (March 15, 

1957). 


Vol. 7, No. 4 


4 
| 
. Ay 
Ba 
= 
x 


Method for Tracing 


the Ground-Level Distribution 


Of Stack Gas Emissions" 


GEORGE F. HAINES, JR. and WESLEY C. L. HEMEON 


-Hemeon Associates—Air Pollution Research Engineers 


The complexity of the air pollution 
problem of a large community is well 
illustrated by the confusion of opin- 
ions that usually prevail as to the rela- 
tive contribution of various potential 
sources, industrial, domestic and oth- 
ers. There is an all too common 
tendency to draw conclusions in a 
superficial manner based on evidence 
of visual appearance of stack emis- 
sions or similar tenuous evidence. 


Any scientific tool, therefore, that. 


will enable one to distinguish the gas- 
borne effluents of a particular stack 
emission and to estimate quantitative- 
ly its proportionate share of the total 
resulting intensity of air pollution 
will be regarded as valuable in its 
ability to minimize the need for specu- 
lation. 

In some instances the stack gases 
of an industrial process may contain 
a substance which, because it does 
not occur normally in the atmosphere 
in significant amounts, may itself 
serve usefully as a tracer substance. 
Then a measurement of the concen- 
tration of that substance at various 
significant ground-level locations, in 
conjunction with data on its rate of 
discharge into the atmosphere, pro- 
vides a basis for calculating the rate 
of dilution of these stack gases at 
each location and in various weather 
conditions. The resulting dilution 
rate figure could then be applied to 
calculate the concentration at ground 
level of some particular pollutant 
contained in the same stack gas emis- 
sion. 

A more universally applicable 
technique is one in which a tracer 
substance is introduced in measured 
quantities to the stack gases to be 


studied and its identity sought in air 


samples obtained at ground level. 
One method that has been usefully 
* Presented at the 50th Annual Meeting of 


the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 
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applied‘! 4) involves the release 
of finely divided particles of fluores- 
cent powder into the gas or air stream 
to be studied. The fluorescing char- 
acteristic .of the collected particles 
when illuminated by ultraviolet light 
enables them to be identified under 
the microscope. 


In the present development we 
sought a method that would overcome 
the disadvantages of that technique, 
the principle one of which is the very 
large expenditure of manpower re- 
quired for its implementation espe- 
cially in the operation of field sam- 
pling equipment. The effort required 
in the present technique is quite mod- 
est in its time requirements; it is pos- 
sible for 2 men to handle all the de- 
tails in a survey of considerable mag- 
nitude. The cost of its application 
is correspondingly low. 


Procedural Principles 


Economy of manpower in the 
ground-level sampling at numerous 
locations dictated the need for com- 
pletely automatic apparatus. It would 
also be desirable that each item of 
sampling apparatus be relatively in- 
expensive and quiet in operation. 
These specifications were met by the 
automatic smoke sampler which had 
been developed by us to meet these 
very specifications several years ago 
and we accordingly directed our ef- 
forts to the problem of selecting a 
tracer substance which would be ef- 
fectively collected by the filter paper 
of our sampler. Other specifications 
for such a tracer required it to be non- 
toxic and not perceptible to persons 
in the concentrations that would pre- 
vail at ground level; that it not be a 
normal constituent of the atmosphere; 
and that it provide a stable dispersion 
in the atmosphere. The last-named 
specification would be ideally met by 
the use of a gas or vapor and in fact 


we were successful in the development 
of a system involving the use of mer- 
cury vapor which was quantitatively 
absorbed by filter paper that had pre- 
viously been treated with an impreg- 
nant’), This development, however, 
was quickly superséded by the more 
sensitive method that is the subject 
of this paper. 

It is well known that radioactive 
substances can be measured in very 
minute quantities, and isotopes have 
accordingly played an important role 
in various fields of technologic inves- 
tigation. Such substances could serve 
usefully to tag stack gases if it were 
not for the obvious objections to their 
use. 


The present technique involves a 
procedure in which a non-radioactive 
tracer substance having special prop- 
erties is dispersed in the gas stream 
to be studied. After the tests are com- 
pleted the field samples are made ra- 
dioactive by irradiation in an atomic 
pile and the quantity of tracer sub- 
stance present determined by meas- 
urements of induced radioactivity. 
Thus the sensitivity of the radioactive 
measurement is enjoyed without the 
hazards and inconvenience. This is 
the technique of neutron activation 
now well known to radiochemists. 


Test Procedure 


Antimony oxide powder was se- 
lected as the tracer substance partly 
because it is not normally present in 
the atmosphere in significant concen- 
trations “and partly because it has a 
high neutron activation cross-section 
and its radioisotopes, principally an- 
timony-122, have energetic radiation 
easy to detect.* 


An antimony oxide powder dispers- 
er is required to inject the tracer ei- 


* American Petroleum Institute, Smoke 
and Fumes Committee, Memorandum 
“Neutron Activation Analysis for Gas 
Tracing,” B. A. Fries, July 28, 1953. 
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F 3. 1. The AIS! Automatic Smoke Sampler. 


t er into the stack gas stream to be 
s udied or into the atmosphere at 
< me significant source. The ground- 
j-vel samplers in suitable numbers 
:e located at selected points in the 
i gion being investigated and can be 
laced in operation well in advance 
f the time selected for an actual run. 
he samplers incorporate a simple 
‘ming mechanism which automati- 
ally advances the strip of filter paper 
rom the supply roll at pre-determined 
atervals, usually 1 or 2hr. This fea- 
ure together with its noiseless oper- 
‘ting characteristics, makes it par- 
-icularly convenient in that they can 
»e allowed to operate, if necessary, for 
‘nany days in advance of the actual 
‘est period while one is waiting for 
the development of suitable wind or 
other weather conditions. When 
these conditions develop, the operator 
starts the tracer powder dispersing 
equipment. From then on, the dura- 
tion of the test is usually depend- 
ent the character of developing 
weather. 

The stream of tracer powder is con- 
tinuous. Action of the samplers 
whereby a sequence of 1- or 2-hr.-long 
samples are taken automatically at 
each location means that one conducts 
a series of runs spanning the total 
time period of the test without atten- 
tion from anyone. 

At the end of the test period, the 
samples on the filter paper strips are 
collected at any convenient subse- 
quent time, usually the following day. 

The collected samples are brought 
back to the laboratory, labeled, pack- 
aged and sent to the agency selected 
for the irradiation. We use the fa- 
cilities of the Oak Ridge National 

Laboratory. 

The one-week period of irradiation 
in the pile involves an elapsed time of 
somewhat less than 2 weeks. On their 
return, they are processed for sepa- 


Fig. 2. Group of samplers ready for dispo- 
sition in the field. 


ration of soot and other extraneous 
pollutants that have been deposited 
on the filter paper along with the 
tracer, and the radioactivity of the 
concentrated antimony oxide deter- 
mined by means of a Geiger counter. 
By reference to the activity of the 
known quantities of antimony which 
are included as standards in the ir- 
radiation procedure, the amount of 
antimony present is determined. 

The sensitivity of the method per- 
mits the measurement of less than 
0.01 wg. (0.00001 mg.) with an accu- 
racy of 0.003 yg. 


Air Sampling Apparatus 


The field sampling instrument for 
collection of tracer particles at vari- 
ous locations, the AISI Automatic 
Smoke Sampler‘® shown in Fig. 1 
and 2, operates on 110 volts. It con- 
sists of a diaphragm pump which 
draws the air sample through What- 
man No. 4 roll filter paper at the rate 
of 0.25 cfm. The air sample is aspi- 
rated continuously throughout a 1- or 


2-hr. period when the strip of filter — 


paper is automatically shifted and 
sampling resumed at a new position 
on the paper. 


Powder Disperser 


The dispersing equipment consists 
of an ejector connected to a com- 
pressed air line delivering 50 té 60 
cim. free air, The tracer powder 
flows from a hopper onto a rotating 
plate from which it is picked up by 
the ejector and discharged into the 
selected gas stream. A compressed 


EFFICIENCY , percent 


RATE , grams per min. 

Fig. 3. Efficiency curve for dispersion of 

antimony oxide powder. 


air vibrator is employed to insure uni- 
form flow from the hopper. 

We were cognizant of the hazards 
to success if the powder were ineffec- 
tively dispersed by the compressed air 
ejector since it is notoriously difficult 
to break down the flocculent aggre- 
gates in some powders. In the pres- 
ent instance, the degree of dispersion 
was determined by passing a fraction 
of the dispersed aerosol through a 
specially designed sedimentation chan- 
nel’), The proportion settling out 
in this channel is an indication of the 
effective particle size and efficiency 
of dispersion is described in terms of 
the percentage by weight having an 
effective Stokes Law-particle size 
smaller than 5 p». For dispersing rates 
up to 100 g./min., the efficiency of 
dispersion is 90% or better. At 160 
g./min., the efficiency is reduced to 
approximately 80% (see Fig. 3). 


Field Test Procedure 

If the tracer powder is dispersed 
into a stack gas stream, the actual 
rate of emission from the stack 
should be measured since conditions 
in some gas streams may cause ag- 
glomeration and accelerated sedimen- 
tation of the tracer particles. 

The field samplers may be placed 
in garages, barns, cellars, crawl 
spaces, sheds, or porches near the de- 
sired locations. Although the sam- 
pler operates quietly, it may be nec- 
essary in some locations to provide 
an auxiliary sound-proof enclosure. 
Rubber tubing, 1% in. O.D. or larger, 
leading from the sampler to the ex- 
terior of the shelter should be kept 
as short as possible. The samplers 
are set so they will sample simultane- 
ously and continuously for successive 
periods of time. We usually adjust 
the timer for 2-hr. periods. 

When weather conditions are suit- 
able for the test objectives the pow- 
der dispersion equipment is set in op- 
eration. Since the samplers operate 
automatically there is no time limit 
as to the length of a field test as long 
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as the weather conditions remain fa- 
vorable. 

At the end of a test, the filter paper 
tapes from the field samplers are col- 
lected and returned to the laboratory 
for processing. Extreme care should 
be exercised to prevent contamination 
of the field samples; the person oper- 
ating the dispersing equipment should 
not collect the field samples without a 
complete change of clothing and bath- 
ing. An automobile contaminated in 
any way with the tracer should not 
be used in collecting the field samples. 


Analysis of Samples 


Preparation of the samples for 
analysis involves cutting the individ- 
ual spots from the filter tape, labeling 
each with a metal stamp, and packag- 
ing in a quartz tube for subsequent 
irradiation. 

The irradiated samples are re- 
turned in about 10 days and are then 
processed for concentration of the an- 
timony. Each sample is leached for 
2 hr. in 5 NHCl. The supernatant 
solution containing dissolved anti- 
mony, if any, is decanted and carrier 
antimony added to enhance the re- 
covery efficiency of any radioactive 
antimony present. Chromous chlo- 
ride solution is added to this solution 
to reduce and precipitate the total an- 
timony in the form of the free metal. 

The suspension is then passed 
through a | in. diam, filter, washed 
with water and then with a small 
quantity of acetone to accelerate dry- 
ing of the wet precipitate and paper. 

The filter paper contains the con- 
centrated radioactive antimony and is 
ready to count. 


Counting 

The precipitated antimony is 
counted with a shielded end window 
Geiger tube whose window thickness 
is 30 mg./cm.?_ A window of this 
thickness will absorb most of the very 
soft beta radiation that is found as a 
contaminant; the high energy beta 
particles from the radioantimony will 
pass through the window with very 
little attenuation. During counting, 


Fig. 4. Stack into which : 
tracer powder was in- Vi 
jected. Height of 

stack is 400 ft. 


Fig. 5. Map showing geographical location of field sampler:. 
The heavy lines are contours of equal concentration. 


the sample should be as close to the 
counter window as possible in order 
to gain the advantage of good count- 
ing geometry. 

If there were no contaminant in the 
sample, it would be best to count the 
antimony as soon as possible after the 
termination of the neutron irradia- 
tion. However, a short-lived high- 
energy contaminant in the antimony 
precipitate that is thought to be As*® 
persists in spite of efforts to eliminate 
it. After a 3-day waiting period, the 
arsenic activity has decayed to a level 
which in relation to decay of the an- 
timony tracer, represents minimum 
background interference due to this 
contaminant. 


Example Application 


Results of 1 test are presented in 
the following. The stack whose dis- 
persion characteristics were selected 
for study is illustrated in Fig. 4. 
Twelve samples were disposed in a 
45° easterly sector up to a distance 
of 4 miles from the stack. Three con- 
secutive 2-hr. runs were included in 
this particular test, results of which 
are given in Table I. 

The background, or blank, is ob- 
tained by analysis of a number of 
samples spanning several hours pre- 
ceding the start of the test. The vari- 
ous activity values obtained from 


TABLE | 
Concentrations of Antimony Tracer Found at 12 Sampling Locations 
During 3 Runs of Field Test No. II. 


Antimony Dispersal Rate = 0.1 gm./sec. = 10° mug./sec. 


Period Concentration of antimony at each location, 
Test myug/m.* 
2-4 pm. 146 | — 7 19 45 20 77 9 7 
4-6 pm. 112 | 54 13 — 20 | 174) 81 455; — — 67 | 26 
6-8 pm. 67 | 81 — — 72 | 212 | 60 6 9 7 1115 | 16 
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these pre-test samples are handled b~ 
conventional statistical procedures to 
arrive at a value background counting 
rate for subtraction from the gross 
counting rate on samples obtained 
during the test period. 


The accuracy of the analysis is ar- 
bitrarily defined as the weight of an- 
timony equivalent to the standard de 
viation of the pre-test background 
samples. 


In Fig. 5 the test area is shown to- 
gether with the concentrations of the 
tracer at various locations during the 
6-8 pm. run. There are really an in- 
sufficient number of test locations to 
establish with complete validity the 
contour lines of equal concentration 
also shown in the diagram. It never- 
theless illustrates how contours can 
be employed to depict the results of 
such tests. 


Application of Results 


With these results before us and 
data on antimony tracer dispersion 
rate at the stack (10° myg./sec.) one 
can transform the ground-level con- 
centration data into units which de- 
scribe the extent to which the tracer 
(and any other of the constituents of 
the stack gas) have been diluted dur- 
ing travel of the gas stream to any of 
the test locations. The equal concen- 
tration contours have been so labeled. 


Suppose the case where the stack 
gases were emitting sulfur dioxide, 
fluoride or any other gas at a rate of 
100 Ib./hr. Calculate the concentra- 
tion for which it is responsible at the 
ground level location where the dilu- 
tion rate was established to be 20 x 
10° m.°/sec. By direct arithmetic it 
is calculated to be 0.0022 ppm. 

If the concentration at the same lo- 


cation had been measured directly 
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during the same time period, one 
could state the percentage of the total 
contaminant due to the stack emis- 
sion. 


Summary 


A new method has been described 
whereby the stream of gases from a 
particular stack can be tagged by ad- 
dition of small quantities of antimony 
oxide powder as a tracer substance. 
Automatic air samplers operating si- 
multaneously in the surrounding ter- 
riory will pick up the tracer in in- 
verse proportion to the dilution expe- 
rienced by the stack gases. Quanti- 
te'ive recognition of the tracer pow- 
der in amounts as small as 0.01 yg. 
is effected by a simple laboratory pro- 
ccdure involving neutron activation 
a alysis. 
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People have for many years in- 
sisted that the water which they drink 
should have a high standard of purity 
and it is surprising that only com- 
paratively recently has attention been 
focused on the purity of the air which 
they breathe. 


Admittedly as long ago as 1661 
John Evelyn wrote a treatise!) en- 
titled Fumifugium in which he dwelt 
at length on the evils of polluting the 
Aer of London and suggested meas- 
ures to prevent this nuisance. He sub- 
mitted his dissertation in the hope 
that King Charles II and his Parlia- 
ment would pass an act to abate 
smoke, but nearly 300 years were to 
elapse before general legislation was 
introduced. 


Recently, under pressure of public 
opinion and guided by the findings 
of the Beaver Committee Report on 
Air Pollution’, the British Parlia- 
ment has passed the Clean Air Act of 
1956. Local legislation has, however, 
been adopted from time to time in 
Britain, America and other countries 
where restrictions have been placed 
on smoke emission, and in a number 
of towns smokeless zones and smoke 
control areas have been introduced. 


The serious economic consequences 
of atmospheric pollution have recent- 
ly been impressed upon the British 
citizen by such estimates as have been 
made in the Beaver Committee Re- 

rt. The cost to Great Britain has 

n estimated at £250,000,000/year 
in direct costs and loss of efficiency. 
Direct costs include laundry and do- 
mestic cleaning; cleaning paintwork 
and repair of buildings; corrosion of 
metals and damage to goods. The 
effect of air pollution on the health of 
the worker and the interference of 
heavy smog with transport are listed 
as the 2 chief causes of the loss of ef- 
ficiency. When in addition the loss 
due to the imperfect combustion of 


* Presented at the 50th Annual Meeting 
of the Air Pollution Control Association 
held at St, Louis, Mo., June 2-6, 1957. 
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coal is taken into account, the total 
sum approaches £300,000,000/year. 
Air pollution is, therefore, becoming 
a subject of outstanding importance 
to Great Britain and much research 
and development work is being car- 
ried out to combat it. 

Pollution of the air arises generally 
from the combustion of fuels such as 
coal and oil, the main pollutants dis- 
charged being smoke, grit and dust, 
and sulphur oxides. 

Industrial smoke can be reduced 
to a bare minimum by a properly de- 
signed and operated combustion plant, 
and the increasing use of electric or 
diesel locomotives in shunting yards 
should eliminate a large proportion 
of railway smoke. The reduction of 
domestic smoke is not so simple and 
depends upon the availability of 
smokeless fuels and burning appli- 
ances. Improvement here can only 
be achieved over a considerable pe- 
riod of time. 

The prevention of the grit and dust 
nuisance is largely a matter of spend- 
ing sufficient money to install arrest- 
ing equipment. This expenditure is 
unfortunately not usually easy to jus- 
tify as it does not add to the efficiency 
of the process concerned. Its value 
must be measured in terms of pre- 
serving the local amenities, although 
in some cases it is a condition which 
must be fulfilled before permission is 
given by the local authority to oper- 
ate a plant. 

Sulphur oxides, the most deleteri- 
ous products of the combustion of 
fuels, are probably the most difficult 
to eliminate. Sulphur is present in 
coal in 2 main forms, organic sul- 
phur intimately associated with the 
coal structure and pyritic sulphur 
which occurs in different stages of 
sub-division in the coal. Organic sul- 
phur cannot be removed by cleaning 
the coal physically or mechanically, 
and in many cases pyrites is so finely 
disseminated throughout the coal that 
separation is not possible. This means 
that the sulphur in coal can only be 
reduced to a limited extent by con- 
ventional coal cleaning methods and 
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of Battersea, Fulham and Bankside in 
London. Removal of sulphur from 
such waste gases does not appear to 


have been practised elsewhere. 


Flue Gas Washing Processes Used 
On A Full Scale in Great Britain 


it is of interest to mention here 
how the initial impetus was first given 
to the construction in Great Britain 
of full scale flue gas washing plants 
for the removal of sulphur oxides 
from boiler flue gases. 

‘n consenting in 1927 to the con- 
struction of the first third of Batter- 
se. Power Station, the Electricity 
Cc mmissioners imposed a condition 
tht the London Power Company 
st ould take the best known precau- 
tins for the due consumption of 
sr oke and for preventing as far as 
re .sonably practicable the evolution of 
o: ides of sulphur‘*’, In 1929, while 
tl s power station was still under con- 
st uction public opinion was aroused 
b a law case brought against Man- 
c! ester Corporation by a farmer who 
ciiimed that his crops were being 
d-maged by flue gases discharged 
from Barton Power Station. This 
c:3se, which was eventually referred 
tc the House of Lords before being 
s ttled, was won by the farmer. As a 
rcsult, a considerable amount of com- 
n.ent was made in the press, particu- 
larly in relation to the erection of 
large power stations in the centre of 
London. The London Power Com- 
pany, therefore, decided that in addi- 
tion to using coal with a low sulphur 
content, some method of removing 
sulphur oxides from flue gases must 
be devised in order to ensure official 
consent for the completion of the sta- 
tion. 

Later, in 1930, the Electricity Com- 
missioners held a public enquiry be- 
fore consenting to the erection at 
Fulham of a further power station of 
approximately the same capacity as 
Battersea and within 2 miles of it. 
The Commissioners, after considering 
the results of this enquiry, imposed 
a limit of 0.03 gr. of sulphur/ 4.3 of 
chimney gases as a condition to be 
met in operating this power station. 

Arising from these restrictions the 
Battersea Effluent Process was devel- 
oped, and later the Howden I.C.I. 
Cyclic Lime Process. These 2 proc- 
esses will now be briefly described. 


Battersea Effluent Process 

This process was developed by the 
London Power Company and oper- 
ated for several years before World 
War II. At the beginning of the war 
it was shut down to prevent the white 


plumes from the chimneys being used 
as a guide by enemy aircraft. 

After the war modifications were 
made to the scrubbing system and this 
modified process is still in use. More 
recently the same process has been 
installed in a new oil-fired power sta- 
tion at Bankside, also situated in the 
centre of London and on the river 
Thames. 

Basically the process consists in 
scrubbing the flue gases with large 
volumes of Thames water. The 
Thames water supplies most of the 
alkalinity needed to neutralize the sul- 
phur oxides removed from the flue 
gases but some additional alkali is re- 
quired in the form of a chalk slurry 
which is added to the water fed to the 
top of the scrubber. This scrubbing 
medium then flows down through the 
scrubber in counter-current flow to 
the flue gases, which pass upwards 
through it. Manganese sulphate is 
added to the scrubbing liquor as it 
comes from the base of the scrubber 
to assist in the oxidation of the liquor. 
After passing through a settling tank, 
which removes small quantities of fine 
solids which have passed into the 
scrubber with the flue gases, the liq- 
uor is aerated in an oxidising tank to 
ensure that the de-oxygenating mate- 
rial is reduced to a minimum before 
discharge to the river. 

While this process is fundamentally 
simple it has certain disadvantages 
which limit its general use. A large 
quantity of water is required and the 
effluent discharged contains calcium 
sulphate in solution. Care must be 
taken not to saturate any river with 
calcium sulphate as the water from 
it would form a scale on heat ex- 
changers in which it might be used. 
As a result it has been considered un- 
wise to install this process at any 
other stations in London on the upper 
or middle tidal reaches of the Thames. 

The fact that Thames water is al- 
kaline assists the absorption of sul- 
phur oxides, but if water from other 
rivers were used, this alkalinity would 
probably have to be artificially intro- 
duced at further cost. No revenue is 
obtained from the product and it has 
been estimated that the cost of in- 
stalling, operating and maintaining 
this process at a modern power sta- 
tion would be equivalent to an addi- 
tion of 8 to 10 shillings/ton to the 
cost of coal burned“). 


Howden—I.C.I. Cyclic Lime Process 
When a gas washing process was 


under consideration for Fulham Pow- 
er Station the limitations of the Bat- 
tersea Effluent Process were realised 


and investigations were theretore car- 
ried out to develop a non-effluent 
process. 

In the process eventually devised. 
the circulating liquor used to wash 
the flue gas was kept alkaline by the 
addition of lime. One difficulty which 
had to be overcome was that of de- 
position of calcium sulphate on the 
scrubber packing and this was 
achieved by adding the lime to the 
supersaturated solution of calcium 
sulphate which flowed from the base 
of the scrubber and allowing the cal- 
cium sulphate to crystallize out in a 
delay tank before pumping the slurry 
back to the scrubbers. In this way a 
solution not saturated in calcium sul- 
phate was fed to the scrubbers and 
the calcium sulphate was removed 
from the delay tank to a settling and 
filtration unit. 

This process worked successfully 
for a number of years before it was 
closed down during the war to pre- 
vent conspicuous white plumes being 
emitted from the chimney; it was not 
put to work again on the cessation of 
hostilities due to the estimated high 
capital cost of renewing the plant. It 
has been estimated that the all-in cost 
of this process would be 17 shillings/ 
ton of coal*?, 

This process also had a number of 
disadvantages. The calcium sulphate 
sludge produced could not be proc- 
essed to yield any saleable products 
and had to be taken to sea in barges 
and dumped. High maintenance 
costs arose from the fact that solids 
were being circulated through the 
scrubbers and corrosion was severe. 
There was also a potential danger of 
reducing the availability of the boiler 
plant due to the choking of the 
scrubbers. 


Origin Of The Fullham—Simon- 
Carves Process 
While both the Battersea and 
Howden I.C.I. processes successfully 
removed the sulphur oxides from the 
gases to the prescribed limits, it was 


. felt that there would be more scope 


for a non-effluent process producing 
a saleable product, the revenue from 
which would off-set the operational 
costs. 

In 1938, the Metropolitan Borough 
of Fulham approached Simon-Carves 
Limited and asked them if they could 
develop a process for manufacturing 
ammonium sulphate from flue gases, 
and if they would put forward a de- 
sign for a pilot plant. 

The process proposed by Simon- 
Carves consisted essentially of scrub- 
bing the flue gases with ammonia 
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Fig. 1. Fulham pilot plant scrubber. 


liquor derived from gas works or coke 
oven plants to produce a solution of 
ammonium sulphate, sulphite, bisul- 
phite and thiosulphate, and which, by 
a process of autoclaving could then 
be converted into ammonium sul- 
phate and sulphur. 

Small scale experiments were first 
carried out on the central heating 
plant at the offices of Simon-Carves 
at Cheadle Heath in 1938. As a re- 
sult of this work a patent applica- 
tion’) was made jointly by The Met- 
ropolitan Borough of Fulham, Simon- 
Carves Limited and J. H. Leigh, of 
Simon-Carves Limited, the inventor. 

As the experiments carried out on 
the central heating plant were largely 
qualitative, arrangements were made 
to carry out pilot plant work on a 
larger scale at Fulham where gases 
from the power station boilers could 
be used so that a quantitative assess- 
ment of the process could be obtained. 
This plant was situated in the same 

ower station in which the Howden 
LCI. process was in operation and 
the work was carried out in collabora- 
tion with the Chief Engineer, Fulham 
Electricity Department, and his staff. 


Pilot Plant Work at Fulham 

This plant was designed to treat 
2000 ft. of flue gases/min., a rate of 
flow which was equivalent to 144 of 
the total flow from 1 boiler. 

It comprised a scrubber unit and 
an autoclave in which the liquor was 
povnenee in batches of about 50 gal. 

vaporation of the processed liquor 
i carried out only on a laboratory 
scale. 


Scrubbing System 


A diagram of this scrubber is 
shown in Fig. 1. It was 2 ft. square 
in cross-section and about 12 ft, 6 in. 
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high overall. The liquor was fed 
through 1% in. holes in the head tank 
onto 4 rows of wooden lathes from 
which it was distributed to the scrub- 
ber packing proper some 3 ft. 6 in. 
below. Here the liquor was brought 
into counter-current contact with the 
flue gases in 2 ft. 6 in. of grid packing. 

As will be seen, the scrubber was 
connected to the main gas duct from 
the boiler. The gas was drawn 
through the scrubber by means of a 
fan in the outlet duct delivering into 
the gas washer of the existing lime 
washing system. 

The bottom of the scrubber was 
sealed in a tank which formed a reser- 
voir for the circulating liquor. From 
this tank, a pump delivered the circu- 
lating liquor to the head tank. Water 
was also fed to the circulating tank 
to make up for evaporation losses due 
to the fact that the incoming gas was 
at a temperature considerably above 
its dew point. The tank was pro- 
vided with a cooling coil to control 
the temperature of the liquor. An- 
other tank was used to receive liquor 
from the circulation when the desired 
concentration had been reached. 

Concentrated ammonia liquor was 
received in drums which were emp- 
tied into an overhead feed tank and 
diluted to 10% concentration, the di- 
luted liquor being led to the points of 
supply in the gas inlet duct of the 
scrubber. 

The quantity of liquor being circu- 
lated was measured by an orifice 
plate, and the gas flow by means of 
a pitot tube in the scrubber outlet 
ducting between the scrubber and the 
fan. Inlet and outlet gas tempera- 
tures and pressures, the fan differen- 
tial and the temperature and pH of 
the circulating liquor were measured. 

e ammonia requirements were 
gauged by means of a pH recorder 
working on an acid solution of hy- 
drogen peroxide through which the 
wet gases were drawn. This solution 
was buffered to an initial pH of 4.5 
to eliminate the effect of CO2 absorp- 
tion. Any excess of acid gases (sul- 
phur oxides) lowered the pH while 
ammonia in excess increased it. 

The concentration of ammonium 
salts in the scrubber was allowed to 
increase until the composition of the 
liquor was such that, after autoclav- 
ing, it would yield a solution of am- 
monium sulphate which would be 
nearly saturated at ordinary tempera- 
tures. This concentration would en- 
tail the minimum of evaporation to 
produce crystals but would not crys- 
tallise out on storage. When the con- 


centration had built up to this desired 
amount a quantity was drawn off at a 
rate corresponding to that at which 
the ammonium salts were being pro- 


duced in the scrubber. This liquor 
was allowed to stand to permit settle- 
ment of most of the suspended solids 
before being fed to the autoclave. 


Before autoclaving an analysis of 
the liquor was carried out to deter- 
mine the quantity of sulphuric acid 
which had to be added to ensure that 
the reaction would proceed as com- 
pletely as possible to yield only am- 
monium sulphate and sulphur. 


The Reaction in the Autoclave 


Liquors produced in the pilot plani 
scrubber had compositions within the 
following limits: 


Ammonium sulphate 28-24% 
Ammonium sulphite 0- 6% 
Ammonium bisulphite 0.75- 5% 
Ammonium thiosulphate 4-11% 


The object of treating the liquor in 
the autoclave is to convert the latter 
3 compounds to yield ammonium sul- 
phate and sulphur. A large number 
of reactions are possible depending 
on the relative proportions of the 
constituents and the conditions under 
which conversion is carried out. It 
has been found that, by assuming the 
principal changes which may occur 
to be represented by the equations 
shown below, the quantity of acid re- 


quired for a given liquor can be cal- 
culated. 


(NH,4)2SOz 2NH,HSO; 
2(NH4)2SO, H,O+S (1) 


2NH,HSO, + (NH,)2S.03 > 
2(NH4)2SO,-+ H,O+ 2S (2) 


(NH4)2S20, + 
+ H,SO, > 3(NH4)2SO4 + 
HO ++ 2S (3) 


3(NH4)2S203; + H,SOQ, 
3(NH4)2SO, + H,O+4S (4) 


It will be seen that ammonium bi- 
sulphite will react with both ammo- 
nium sulphite and ammonium thiosul- 
phate to produce ammonium sulphate 
with no other products except water 
and free sulphur. A liquor having a 
bisulphite content in the correct pro- 
portions to that of sulphite and thio- 
sulphate should be capable of con- 
version without addition of acid. In 
actual fact all liquors produced at 
Fulham had an excess of thiosulphate 
which required the addition of sul- 
phuric acid before autoclaving. 
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Autoclaving Unit 


The autoclave, shown diagram- 
matically in Fig. 2, consisted of a mild 
steel welded cylinder with rounded 
ends placed vertically and supported 
on brackets welded to the sides, It 
was lined with lead, which was car- 
ried through into the flanges, and sec- 
ondly with acid resisting brickwork. 


The cover plate had mountings for 
a thermocouple pocket, a safety valve, 
a pressure gauge, a vapour release 
cock and a dip pipe which reached 
pearly to the bottom of the autoclave. 
Cocks were fitted to this dip pipe to 
enable the liquor to be charged or 
¢'scharged and for steam to be ad- 
mitted. 


The bottom fitment consisted of a 
seam jacketed discharge mounting 
é ad cock. 


Liquor was introduced into the 
:utoclave by means of a hand pump, 
ind the acid addition was made 
iarough the pyrometer sheath mount- 
cag, before replacing it. As direct 
‘team was used to heat the autoclave 
¢ was found convenient to restrict 
‘he charges to 45 gal. to allow space 
or the condensed steam, although the 
volume of the vessel was 95 gal. 


Heat was supplied to the autoclave 
by means of open steam at a pressure 
of 200 lbs./in.2 A temperature of 
170°C. was reached on most runs. 
The steam supply was usually main- 
iained for about 3 hr. and the charge 
then allowed to cool down overnight, 
although in a few cases the liquor 
was: blown over from the autoclave 
after cooling for about an hr. Pe- 
riodically, after opening the autoclave, 
the solidified sulphur was broken and 
removed. 


staan tear 


Fig. 2. Fulham pilot plant autoclave. 


Results from the Fulham Pilot Plant 


Over 3 periods of running, totalling 
33 days, the average efficiency of sul- 
phur removal from the gases was 
found to be 90%. During these pe- 
riods the average sulphur content of 
the inlet gases was 0.221 gr./ft.* and 
the outlet gas 0.022 gr./ft.2 This was 
below the statutory limit of 0.03 gr./ 
ft.3 imposed at Fulham. 

In the autoclaving step, using the 
iodine equivalent as a criterion of the 
degree of conversion of the ammo- 
nium salts to ammonium sulphate and 
sulphur, it was found that a 99.8% 
efficiency was obtained. 

It was found possible to produce 
ammonium sulphate crystals of a 
a which would meet the British 

rade I Specification chemically. 
Since the crystals were produced by 
evaporation in the laboratory no es- 
timate could be made of their physi- 
cal structure. It was not anticipated 
that this would present any difficulty 
in plant practice. 

While the sulphur had only a puri- 
ty of 96%, this was due to the fact 
that the liquor had not been filtered 
in any way before autoclaving and 
the impurities by their nature had evi- 
dently come from the grit in the 
gases. It was obvious that this 
trouble could easily be overcome by 
filtering the liquor. 


Further Work on the Development 
of the Process 


In this section mention will be 
made of further work and investiga- 
tions carried out subsequent to the 
work on the pilot plant at Fulham 
and prior to the construction of the 
North Wilford plant, which will be 
described later. 


The 1940 Half-Boiler Scale Plant 


The experiments with the pilot 
plant proved that the Fulham—Simon- 
Carves ammonia process was sound 
from the chemical point of view and 
pointed to the necessity for making 


further investigations on a larger ° 


scale to establish the chemical engi- 
neering and economic aspects. It 
was, therefore, decided to proceed in 
1940 with a plant to treat half the 
gases from 1 boiler (approximately 
60,000 ft.2/min.). 

One of the units used in the lime 
washing process was suitably modi- 
fied to serve as a scrubber for this 
plant. A constant bleed was to be 
taken from the system at the base of 
the scrubber and filtered before auto- 
claving. An evaporator was not pro- 


vided but arrangements were made 
with a neighbouring firm to produce 
ammonium sulphate crystals from the 
liquor after treatment in the auto- 
clave. 

In the pilot plant work, the addi- 
tion of ammonia to the scrubber had 
been controlled by means of absorb- 
ing the exit gases in an acid solution 
and measuring the pH of the resultant 
liquid. While this method was quite 
successful, the time lag in the appara- 
tus was high and the sensitivity low. 
In order to overcome these defects an 
apparatus was built which sampled 
the gases as before but measured the 
conductivity of the resultant liquid 
instead of the pH. It was found that 
this instrument was more sensitive 
and reliable than previous ones. 

Before this plant could be put into 
operation the power station and the 
plant were severely damaged by 
enemy action. Also, as previously 
mentioned, flue gas washing had to 
be discontinued as the plumes of 
vapour from the chimney made the 
location of the power station clear 
from the air. Work on this project 
was therefore suspended until the end 
of the war. 


Laboratory Work on the Control 
of the Scrubbing Cycle 


As soon as hostilities in Europe 
were over, plans were again examined 
for the rebuilding of a plant on a 
half-boiler scale. In preparation for 
this it was decided to investigate the 
control of the scrubbing cycle as it 
was felt that satisfactory automatic 
control would be essential for the suc- 
cess of the process. 

Dr. Gillham, of the Metropolitan 
Borough of Fulham Electricity De- 
partment, and the author carried out 
a series of laboratory experiments on 
the stability of solutions containing 
varying proportions of ammonium 
sulphite and ammonium bisulphite. 
These solutions were made by bub- 
bling gaseous sulphur dioxide into 
ammonium hydroxide solutions until 
the desired sulphite/bisulphite ratio 
was achieved. An air stream was then 
passed over these solutions under 
standard conditions, the experiments 
being carried out in duplicate. One 
stream was passed through the in- 
strument which was designed for the 
control of the half-boiler plant and 
which could detect the presence of 
sulphur dioxide and ammonia. The 
other stream was absorbed in acidi- 
fied hydrogen peroxide and the am- 
monia and/or sulphur dioxide ab- 
sorbed was determined. 
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Fig. 3. Simplified flow diagram of Fulham half-boiler plant — time 


basis 24 hrs. 


It was found that if air was passed 
over a solution having ammonia and 
sulphur dioxide in the correct pro- 
portions to produce ammonium sul- 
phite, ammonia was liberated. When 
the composition corresponded to that 
of ammonium bisulphite, sulphur di- 
oxide was liberated. At some inter- 
mediate composition the minimum 
loss of ammonia and sulphur dioxide 
was found. 


From these results it was therefore 
evident that the scrubber could be op- 
erated to give the minimum slip of 


ammonia and sulphur dioxide by con- 
trolling the liquor composition. 


As an extension of this work an in- 
strument‘®) was devised by Dr. Gill- 
ham to analyse the scrubber liquor. 
In this instrument, the sample of 
scrubber liquor flows down the inside 
of a tube up which a stream of air 
passes. The liquor and air rates are 
both kept steady. As in the experi- 
ments just described, if insufficient 
ammonia has been added to the scrub- 
ber liquor, i.e. bisulphite predomi- 
nates, sulphur dioxide will be given 


NAY 


Fig. 5. General arrangement of North Wilford scrubber. 


off. On the other hand, if too muck 
ammonia has been added, i.e. sul: 
phite predominates, ammonia will be 
liberated. The air stream then passes 
to an absorption vessel, where it is 
scrubbed with a dilute solution of 
sulphuric acid and hydrogen peroxide 
fed through the apparatus at a con- 
stant rate, and led into an electrical 
conductivity cell. Sulphur dioxide is 
oxidised to sulphuric acid with a cor- 
responding increase in conductivity. 
Ammonia combines with some of the 
sulphuric acid to produce ammonium 
sulphate and in this case the con- 
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Fig. 4. North Wilford pilot plant — flow diagram. 
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ductivity is decreased. These changes 
in conductivity control the current 
flowing through the cell and this is 
recorded on a recording milliameter. 
It can also be arranged for this in- 
strument to transmit a suitable im- 
pulse to control the addition of am- 
monia to the scrubber. 


The Proposed Fulham Plant 


In addition to the investigations 
carried out on the control of the 
scrubbing cycle a new plant was de- 
signed to replace the half-boiler scale 
pant wnich had been destroyed in 
1940. It was proposed to make this a 
c mpletely self-contained plant capa- 
b-e of producing sulphur and ammo- 
rum sulphate crystals. A simplified 
fw diagram is shown in Fig. 3. It 
\ as intended to use again the exist- 
i g gas washers which had been used 
{or the lime washing process and it 
v ill be seen that in addition to filtra- 
t on and autoclaving units, provision 
\ as made for evaporating the liquor 
i» produce ammonium sulphate crys- 
tls, which would be centrifuged and 
cried as in standard ammonium sul- 
; hate manufacturing practice. This 
lant was to take half the gases from 
’ boiler and would, therefore, handle 
ine sulphur recovered from the com- 
bustion of 150 tons a day of coal con- 
taining 1.5% sulphur. Based on pre- 
vious experience it was anticipated 
that about 7 tons of ammonium sul- 
phate crystals would be made/day 
and 11 ewts. of sulphur. 

At this time in Great Britain con- 
trol of capital expenditure occasioned 
by the war was very strict and no de- 
cision was taken to proceed with the 
building of the plant. 


Independent Assessments of the 
Process 


The Fuel Research Station of the 
Department of Scientific and Indus- 
trial Research were also, shortly after- 
wards, asked to assess the process in 
relation to others which were being 
considered and so work was started at 
the Fuel Research Station in 1949 
with this purpose in view. 

An account of this work‘ ®) has 
been given elsewhere and only its 
bearing on the history of the process 
will be mentioned here. It was con- 
firmed that the scrubbing cycle could 
be controlled efficiently by means of 
the instrument devised by Dr. Gillham 
and as a result of the work, a favour- 
able report was made upon the proc- 
ess as a whole. 

The Committee set up under the 
chairmanship of Sir Hugh Beaver to 
study air pollution problems in Great 


Britain have also investigated pos- 
sible methods of flue gas washing and 
pointed out in their final report‘?? 
issued in November, 1954, that this 
process appeared to them to be prom- 
ising and likely to be less costly than 
other known methods. 


The North Wilford Pilot Plant 


In 1954, the Central Electricity 
Authority, who had again reviewed 
the process, decided to proceed with 
the construction of a plant on the half- 
boiler scale similar to that which was 
envisaged for Fulham. The site chosen 
was at North Wilford Power Station, 
Nottingham. 

The plant has been designed to han- 
dle 56,000 ft.2/min. (actual) of the 
flue gases produced by the combus- 
tion of coal having a sulphur content 
of up to 3%. It was estimated that 
if the liquor composition in the scrub- 
ber is similar to that obtained at Ful- 
ham up to 11 tons of ammonium sul- 
phate and 2000 lbs. of sulphur should 
be produced from this plant daily, by 
working it continuously. The pilot 
plant is therefore of such a size that 
it should enable satisfactory cost es- 
timates for a full scale plant to be 
drawn up from the results. It will 
also afford an opportunity to find out 
the best operating conditions and to 
confirm the design of some of the 
units. 

Plant Description 
Flow Diagram 


A simplified flow diagram is shown 
in Fig. 4. 15% ammonia liquor is 
brought by railway tank wagons and 
stored in tank (A). This liquor is di- 
luted to a concentration of 10% in 
tank (B) to give a feed at a steady 
concentration to the flue gas scrub- 
ber. The addition of the 10% am- 
monia liquor is controlled automati- 
cally by means of the scrubber liquor 
analyser described previously. 

Flue gas at a rate of up to 56000 
ft.3 a min, is taken from the existing 
ducting in the power station which 
carries half the gases from 1 boiler. 


These gases pass upwards through © 


the scrubber in counter-current flow 
to the liquor. 

A bleed of scrubber liquor is taken 
from the base of the scrubber at a 
rate corresponding to that at which 
ammonjum salts are produced and 
this is run to the filter press feed 
tank (C). 

The flue gases are produced in a 
boiler installation fired with pul- 
verised fuel and pass through an elec- 
trostatic precipitator before entering 
the flue gas scrubber. The scrubber 


does, however, take out some of the 
remaining ash from the gases and the 
liquor from the scrubber is passed 
through a filter press (D) to remove 
this before being fed to the autoclave 
feed tank (E). The ash, after wash- 
ing, is discarded to the power station 
ash yard. 

Liquor from tank (E) is fed in ap- 
proximately 1500 gallon batches to 
the autoclave (F). Before each batch 
is processed an analysis is made of 
the liquor and the correct quantity 
of sulphuric acid is added to ensure 
that the reaction will proceed in such 
a way as to yield only ammonium 
sulphate and sulphur as the products. 

Sulphuric acid (77%) is added to 
the autoclave from the overhead meas- 
uring tank (G), which is supplied by 
a compressed air elevator from the 
sulphuric acid storage tank (H). The 
free space above the liquor in the 
autoclave is evacuated by means of 
a vacuum line linked to the evapora- 
tor jet condenser and heat is then 
supplied to the autoclave by means 
of an internal steam coil to which 
high pressure steam at a controlled 
pressure is fed. When the reaction 
is complete the molten sulphur is run 
off into sulphur moulds (/) and the 
liquor which will now contain only 
ammonium sulphate is blown over 
into a transfer tank using the resi- 
dual pressure inside the autoclave. 
If analysis of the liquor shows that 
the reaction has proceeded success- 
fully it will be transferred to the evap- 
orator feed tank (J), if not it can be 
re-processed. Provision has also been 
made in the autoclave for admitting 
direct steam, as this was the method 
used in the Fulham pilot plant work. 
This pipe can also serve as a steam 
poker if it is desired to agitate the 
contents of the autoclave. 

The ammonium sulphate liquor 
produced in the autoclave is fed to a 
standard vertical tube evaporator. The 
ammonium sulphate crystals pro- 
duced in the evaporator are pumped 
to a salt settling cone (L), from 
which they are fed to a centrifuge 
(M), where they are washed and par- 
tially dried. The crystals then flow 
to a final steam heated dryer (M) 
from which they are transferred to a 
small storage hopper feeding a bag- 
ging and weighing machine. 

The general arrangement of the 
scrubber is shown in Fig. 5 and 3 
sectional elevations of the liquor 
processing plant in Fig. 6. 


Scrubbing System 


The way in which flue gases are 
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supplied to the scrubber is shown in 
Fig. 5. The flue gases, after passing 


through the precipitator on the boil- . 


er installation are normally drawn 
through to one of the power station 
chimneys by means of an I.D. fan. 
The inlet ducting to the scrubber has 
been connected to the existing flue 
gas duct at the outlet of this fan. 
From this point the gases pass through 
a booster fan which has _ been 
installed to overcome the pressure 
drop through the scrubbing system. 
Arrangements have been made so 
that, if the scrubber circulating pumps 
or electrostatic precipitators fail, the 
gases from the boiler will be by- 
passed directly to the normal chim- 
ney. This would ensure that in the 
case of the first eventuality, the scrub- 
er would not suffer from overheating. 
In the second case it would prevent 
fly ash being deposited in the scrub- 
ber and possibly clogging parts of 
the system. 


The flow of gases to the scrubber 
is measured by means of a venturi 
placed in a straight length of ducting 
before the inlet of the scrubber. This 
instrument also controls the gas flow 
by actuating a louvre damper situated 
in the ducting after the booster fan. 
The pressure before and after the 
scrubber is measured by a differen- 
tial recorder and the pressure before 


Fig. 6. Sectional elevations of North Wilford pilot plant sulphate house. 
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and after the booster fan on indicat- 
ing draught gauges. The gas tem- 
peratures before and after the scrub- 
ber are measured on mercury in glass 
thermometers. 


The gases after passing through the 
grid packing, where they flow in 
counter current contact with the scrub- 
bing liquor pass through spray elimi- 
nators placed on each side of the 
washer before passing to the 2 gas 
outlet ducts, which unite at the base 
of the washer stack. 


The liquor is distributed through 
a perforated plate in the head tank 
of the washer before it falls on the 
grid packing. The bottom part of 
the scrubber functions as a circulat- 
ing tank and provision has been made 
for the liquor to be circulated by 
means of up to four pumps from the 
base of the scrubber to the head tank 
so that a wide variation in liquor rates 
can be studied. Each liquor deliv- 
ery line has its own recording flow 
meter. The temperature and pH of 
past circulating liquor are also meas- 
ur 


The addition of 10% ammonia 
liquor is automatically controlled by 
means of the liquor analyser already 
described in Section V 2. A similar 
instrument is also used to record the 


t 
=| 


sulphur dioxide and ammonia lost 
from the stack. 

The quantity of make-up water 
added to the scrubber is determined 
by measurements made on the spe- 
cific gravity of the liquor. A water 
meter is available to record the con- 
sumption of the make-up water and 
the rate of flow is indicated by means 
of a rotameter. 


Filter Press 


As it was difficult to assess the na- 
ture of the material which would re- 
quire to be filtered from the evap- 
orator, it was decided to install a fil- 
ter press. This is of the standard 
plate and frame type and has facili- 
ties for washing the cake. 


Autoclave 


This consists of a stainless steel ves- 
sel having a working pressure of 175 
lbs./in.? equipped with direct and in- 
direct steam heating and with provi- 
sion for removing the molten sulphur 
through a jacketted line. 

Steam is supplied from the power 
station boilers and after being de- 
superheated is delivered to the auto- 
clave at a pressure controlled by a re- 
cording pressure controller. Three 
resistance thermometers are mounted 
at different levels in the autoclave and 
linked to recorders. An automatic 
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record is also kept of the heating 


steam temperature. 


Instead of a safety valve, bursting 
discs are mounted in a line connected 
to the autoclave. Should these burst, 
the liquid would be discharged 
through an expansion chamber into 
the transfer tank. 


Evaporator Section 


The liquor from which the ammo- 
nium sulphate crystals are made is 
fei through a rotameter to a stainless 
steel, standard, vertical tube evapora- 
tor, the calandria of which is heated 
by means of low pressure steam. The 
li,uor is circulated continuously, ris- 
inz through 214 in. diam. tubes and 
d:scending through a central down- 
ec mer. A vacuum of 27 in. Hg is 
maintained in the evaporator by 
means of a combined water ejector 
a’ d jet condenser. The steam flow to 
tle evaporator is automatically re- 
c rded and there are indicators to 
s!ow the vacuum in the evaporator 
aid the pressure in the calandria. 


It is desirable in Great Britain to 
pcoduce salt of Grade 1 quality as, in 
aldition to the premium price which 
ii commands, it is much easier to 
wash free from acid and to dry. 


The specification is as follows: 
(a) Size 
No lumps to be greater than 
4 mm. 
Not more than 25% to be 
greater than 2 mm. (8 B.S.S.) 
Not more than 40% to pass 
through a 30 B.S. sieve. 
- Not more than 5% to pass 
through a 72 B.S. sieve. 
(b) Aciwity 
Not more than 0.025% free 
sulphuric acid, 
(c) CoLour 
The colour should be uni- 
form. 
(d) Motsture 
“Not more than 0.20% 
(+0.05%) moisture. 
(e) NirRoGEN CONTENT 
Not less than 20.80% ni- 
trogen. 


To enable this to be achieved the 
evaporator must be operated so that 
the concentration of salts in the bath 
is about 60% (by apparent volume). 
A method of salt extraction has been 
developed whereby this magma can 
be pumped continuously from the 
base of the evaporator to the salt 
settling cone. By this method the am- 
monium sulphate and the acid in the 
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Figure 7. Scrubber liquor analyzer chart. 


evaporator are removed in the same 
ratio as they are present in the feed 
liquor to it. As a result the acid does 
not build up in the evaporator, thus 
minimising possible corrosion trou- 
bles. This technique has been suc- 
cessfully developed’®) on ammonium 
sulphate plants operating at coke oven 
installations, and differs from previ- 
ous practice where salt crystals were 
allowed to settle before removal from 
the evaporator and where consequent- 
ly the magma withdrawn contained a 
lower ratio of acid to ammonium sul- 
phate with a corresponding increase 
in the acidity of liquor in the evap- 
orator. 

Provision has, however, been made 
for any residual acid after autoclav- 
ing to be neutralised with ammonia 
to leave only a very small concentra- 
tion of acid in the liquor. The moth- 
er liquor from the centrifuge can also 
be similarly treated. 


Results from the North Wilford Plant 


The plant was commissioned with- 
out encountering any major difficulty 
but, as will be appreciated, in a pilot 
plant operation minor modifications 
and adjustments are usually neces- 


sary. A number of these are still be- 
ing dealt with and hence it has not 
yet been possible to obtain a continu- 
ous run such as is necessary to estab- 
lish a reliable material balance. The 
effect of changing operating condi- 
tions has also not been investigated. 
However, the preliminary results 
show considerable promise and a 
brief summary of these will be given 
here. 


Scrubber 

This is handling gases produced in 
the combustion of coal having a sul- 
phur content of 1.9%. Addition of 
10% ammonia liquor is controlled by 
the scrubber liquor vapour pressure 
analyser already described, and is 
made at an average rate of 150 gal./ 
hr. Make-up water to compensate for 
evaporation is fed in at 360-420 gal./ 
hr. to maintain the circulating liquor 
at a constant specific gravity of about 
1.2. Liquor is bled from the washer 
at 100 gal./hr. to the processing 
units. The temperature of the inlet 
gases is usually in the region of 
130°C. and that of the scrubbing 
liquor, 50°C. Preliminary results 
with the washer operating at a gas 
flow rate of 43000 cfm. (actual) and 
a liquor circulation rate of 1400 gal./ 
min. show a scrubbing efficiency cor- 
responding to approx. 90% sulphur 
removal. 

The overall pressure differential 
across the scrubber packing and 
spray eliminators is 1.1 in. w.g. 

The liquor vapour pressure analys- 
er/controller is controlling the out- 
let gas composition satisfactorily. 
Fig. 7 shows a photograph of a por- 
tion of the chart taken from the in- 
strument. The space between each 
dark line marked in with ink indi- 
cates on the right hand side of the 
trace an excess of sulphur correspond- 
ing to approximately 0.005 gr./ft.* 
(at S.T.P.) over that being passed at 
the control point. A similar shift to 
the left of the trace would indicate a 


‘ corresponding increase in the am- 


monia slip. The chart records good 
control. 


Filter Press 


This is successfully removing the 
small particles scrubbed from the 
gases by the liquor. 


Autoclave 

Nearly complete conversion of the 
ammonium sulphite, bisulphite and 
thiosulphate to ammonium sulphate 
and sulphur is achieved as can be 
seen from the result shown in Table I. 
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To ensure conversions during the 
preliminary period of running, an 
average of 42.5 gallons of 77% sul. 
phuric acid has been added/1000 
gallons of scrubber liquor processed. 
This is somewhat in excess of the 
theoretical requirement and the re- 
sulting acidity (about 1%) is neu- 
tralised after autoclaving by the ad- 
dition of ammonia liquor in order to 
feed a liquor of low acid concentra- 
tion to the evaporator. 

Satisfactory runs have been ob- 
tained under the following operating 
conditions: 


(a) Heating up 1 
Reaction time 1% be. 
(c) Final reaction 
temperature 176°C. 
(d) Discharging 
autoclave 


However, some difficulty has been 
experienced in running off the sul- 
phur due to its cooling and modifica- 
tions are now in hand to jacket the 
bottom of the autoclave to obviate 
this. 


Products 

Data obtained from 13 successive 
runs on the autoclave show that dur- 
ing this period, the plant produced 
on the average/day 4.42 tons of am- 
monium sulphate crystals and 0.67 
tons of elemental sulphur. 

The quality of the ammonium sul- 
phate is in accordance with the Grade 
I Specification already defined and 
no difficulty has been experienced in 
crystallising in the evaporator system 
the salt from the auto-claved liquor. 

Sulphur of high purity has been ob- 
tained from the autoclave, the follow- 
ing being 2 typical analyses: 


2. 

Sulphur 99.71 99.95 
Combustible matter 

at about 800°C. 0.09 0.03 
Ash 0.03 Nil 
Ammonium Sulphate 0.12 Nil 
Moisture 0.05 0.02 
CI 


TABLE | 
Liquor Before | Liquor After 
Jo wlw Autoclaving | Autoclaving 
(NH,) 2SO, 10.0 35.8 
(NH,) 2SOs 7.4 0.007 
NH,.H SO; 6.1 0.004 
(NH4) 2S203 15.3 0.06 


When the modifications to the base 
of the autoclave already mentioned 
have been carried out and the pro- 
cedure for settling and running off 
the sulphur has been standardised, it 
is anticipated that sulphur of the 
quality shown in sample 2 should as 
a rule be obtained or at least closely 
approximated. 


To date, in the operation of the 
North Wilford plant, 38% of the to- 
tal sulphur entering the plant appears 
as elemental sulphur, in comparison 
with 24% which would have been 
predicted from the Fulham experi- 
ments. As will be seen from the com- 
position of the scrubber liquors in the 
2 cases, less ammonium sulphate is 
produced in the scrubber at North 
Wilford, due apparently to less oxida- 
tion taking place in the circulating 
liquor but this feature has not yet 
been fully investigated. 


Costs 


Sufficient running of the pilot plant 
has not been carried out to enable any 
accurate assessment of costs to be 
made. Estimates which have been 
made for the process operating in 
Great Britain show that, on a full 
scale plant dealing with combustion 
gases from coals containing about 
1.5% of sulphur, the revenue ob- 
tained from the sale of the products 
should practically compensate for the 
costs of installation and operation of 
the plant. If the gases are derived 
from fuels of a higher sulphur con- 
tent, the plant could probably run at 
a small profit. During the limited 
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time the plant has been operating, no 
undue maintenance work has been 
encountered and all units and mate- 
rials of construction appear to be 
adequate for the duty expected of 
them. 
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Emissions from Organic Solvent Usage in 
Los Angeles County” 


R. G. LUNCHE, A. STEIN, C. J. SEYMOUR and R. L. WEIMER 


The interest by the Los Angeles 
C:unty Air Pollution Control District 
in organic solvent emissions to the at- 
m sphere originated in 1949. It was 
sv zgested at that time that hydrocar- 
b: as were, in some way, participating 
ir reactions leading to the formation 
o' smog. These reactions consisted of 
th oxidation of organic material in 
tl > presence of sunlight in an oxidiz- 
ir z atmosphere. ?) 

Considerable experimentation was 
u dertaken in many laboratories to 
tet the theory. Foremost among 
these were the experiments of Dr. 
A J. Haagen-Smit, of the California 
I stitute of Technology, and APCD 
workers, who utilized the postulated 
reactions to prepare synthetic smog 
nixtures. The similarity between 
these synthetic smog mixtures and 
natural smog was demonstrated 
through their ability to produce eye 
irritation, damage to vegetation, rub- 
ber cracking, natural smog odor, and 
ozone." 4) 

Since pure hydrocarbons or mix- 
tures of hydrocarbons similar to those 
found in gasoline were used in these 
experiments, analogous reasoning in- 
dicated that organic solvents, which 
are hydrocarbons and: hydrocarbon 
derivatives, would also be oxidized, 
resulting in compounds with smog po- 
tential. Evidence confirming this has 
been published independently by Dr. 
A. J. Haagen-Smit and APCD work- 
ers, and the Franklin Institute Lab- 
oratories for Research and Develop- 
ment.‘ 7) Some of the organic 
compounds checked, other than pure 
hydrocarbons, were alcohols, alde- 
hydes, ketones, acids, mercaptans, 
chlorinated hydrocarbons and organ- 
ic nitrogen compounds. 

To assess the contribution of these 
and other organic solvents to the over- 
all air pollution problem, the APCD 
programmed a series of surveys to 
yield: 

* Presented at the 50th Annual Meeting of 


the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 


Air Pollution Control District 
County of Los Angeles 
Los Angeles, California 


The photographs which follow are 
intended to accompany the text, and 
as such, they are not specifically re- 
ferred to in the body of the paper. 


(1) Sources of supply for or- 
ganic solvents. 

(2) Variety and volumes of or- 
ganic solvents marketed. 

(3) Consumers of organic sol- 
vents. 

(4) Sources of emissions of or- 
ganic solvents. 


This operation is 
a source of solvent vapor emission as fresh 
surface is exposed and the temperature of 
the paste is raised. 


(5) Variety and volumes of or- 
ganic solvents emitted. 


Several of these surveys have al- 
ready been conducted by mailing 
questionnaires, making inspections of 
specific installations and by confer- 
ring with representatives of industry. 
Company lists for the surveys were 
developed from District files, classi- 
fied sections of telephone books, 
Chamber of Commerce listings, trade 
association membership rosters and 
other governmental agency licensing 
and inspection records. 

The initial survey which covered 
the organic solvent suppliers (manu- 
facturers, distributors, jobbers and 
brokers) identified the purchasers of 
solvents in Los Angeles County. From 
this, information was provided for 
keying in other surveys to the pro- 
gram and pinpointing the sources of 
solvent emissions. Additional sur- 
veys have been of: 

(1) Dry cleaners 

(2) Rotogravure plants 

(3) Paint, varnish, enamel and 

lacquer manufacturers and 
distributors 

(4) Surface coatings users 

a. Automobile assembly 
plants 

b. Aircraft companies 

c. Can and container manu- 
facturers 

d. Furniture manufacturers 

e. Appliance manufacturers 

In order that all the information ac- 


. quired through the series of surveys 


could be evaluated on a uniform 
basis, a definition of solvent was 
adopted. Classically, an organic sol- 
vent is an organic compound or mix- 
ture, usually liquid, which is capable 
of dissolving other solid, liquid or 
gaseous substances. The definition 
adopted by the District required that 
for a substance to be considered as an 
organic solvent, it had to be: 
(1) an organic liquid, capable 
of being evaporated or va- 
porized into the atmosphere 
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TABLE | 
Typical Organic Solvent Uses 


Class of solvents used 


Type of solvent action 


Manufacture of: 


Aliphatic, Aromatic, 


Paints Adhesives Rubber cements and Halogenated 
Varnishes Printing inks Photographic chemicals Hydrocarbons 
Enamels Printing pastes Insecticides Alcohols 
Stains Plastics Toilet preparations Ketones 
Resins Rubber Other surface coatings | Ethers 
Shellac Gums 

ise. 


Cleaning of: 
Fabrics 
Metal surfaces 


Dissolving 
Thinning 
Diluting 
Dispersing 
Plasticizing 


Halogenated Hydrocarbons 
Aliphatic Hydrocarbons 


Cleaning 
Degreasing 


Manufacture of: 
Paint and varnish removers 


Halogenated Hydrocarbons 


Surface renovating 


Manufacture of: 
Pharmaceuticals 
Glandular extracts 


Plant extracts 
Food extracts 


Alcohels 

Ketones 

Ethers 
Esters 


Extraction 
Purification 


at the conditions of its usage 
and storage, and 

used to dissolve, dilute, or 
disperse another substance 
(or substances) without it- 
self being chemically 
changed. 


Some idea of the diverse uses to 
which organic solvents are put may 
be observed in Table I. 

It is evident that characterizing an 
organic chemical as a solvent in one 
instance does not guarantee that it can 
always be considered as a solvent. To 
illustrate, xylene when used as a paint 
thinner would be thought of as a sol- 
vent, but could not be so construed 
when used as a chemical intermediate 
for the manufacture of another prod- 
uct. This factor made knowledge of 
the ultimate uses of each organic 
chemical necessary in order to pre- 
pare solvent loss estimates. 

Tabulation of survey data with re- 
spect to the variety and volumes of 
solvents was facilitated by consoli- 
dating the more than 200 individual 
solvent and solvent mixtures mar- 
keted into 8 classes. This classifica- 
tion, shown in Table II, fits all of the 
solvents reported into the classes of 
aliphatic hydrocarbons, aromatic hy- 
drocarbons, halogenated hydrocar- 

‘ bons, ketones, alcohols, ethers, esters, 
or miscellaneous. The general chemi- 
cal formulae and examples of solvents 
for each class are also shown in 
Table II. 

The principal routes by which sol- 
vent vapors enter the atmosphere are 
natural evaporation or forced va- 
porization. Some of the operations 

or situations in which natural evap- 


(2) 
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oration occur are: 

(1) Solvent storage vented to 
the atmosphere. 

(2) Manufacture of surface 
coatings in equipment vent- 
ed to the atmosphere. 

(3) Dry cleaning. 

(4) Atmospheric drying of sur- 
face coatings. 

Vaporization is used to rid a prod- 

uct of solvent in: 

(1) Baking and forced drying of 
surface coatings. 

(2) Forced drying of printing 
inks during rotogravure op- 


(3) Recrystallization and puri- 
fication of pharmaceuticals. 
More detailed information on these 
processes and the amounts and types 
of solvents involved will be included 
in the succeeding sections, which de- 
scribe each of the surveys made. 


Survey of Production and Sales of 
Organic Solvents in Los Angeles 
County, 1955-1956 


Production and sales volumes of 
organic solvents in Los Angeles Coun- 
ty were obtained by a mail survey of 
producers and distributors. This sur- 
vey was conducted during the third 


erations. quarter of 1956 and, for convenience, 
TABLE II 
Classification of Organic Solvents 
Class name General formula Examples 
1. Aliphatic Hydrocarbons R—H Hexane, Stoddard Solvent, Naphtha, 
Mineral Spirits 
2. Aromatic Hydrocarbons @—H Benzene, Toluene, Xylene 
3. Halogenated Hydrocarbons R— X,@—X Ethylene Dichloride, Trichloro- 
ethylene, Perchloroethylene 
Methyl] Ethyl Ketone, Acetone, 
4. Ketones : Methy] Iso-Butyl Ketone 
R—C—R 
5. Alcohols (and Glycols) R— OH Methanol, iso-Propanol, sec-Butanol 
6. Ethers R—O—R’ Ethyl Ether 
7. Esters 4 Ethyl Acetate, Butyl Acetate 
R—C—O—R’ 
8. Miscellaneous 
Aldehydes, Terpenes, Sulfur Be Turpentine, Carbon Disulfide, 
Compounds, Nitrogen Nitromethane 
Compounds, Mixtures 
R or R’ — Any straight or branched chain hydrocarbon radical ©— Oxygen Atom X — Halogen Atom 
Rese Any benzene ring-type hydrocarbon radical C — Carbon Atom H — Hydrogen Atom 
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sig. 2. A paint thinning station where sol- 
vents are added to the paint pastes to im- 
part the desired flow qualities and consisten- 
cies to the products. 


requested the information to be aver- 
aged over the year 1955. Statistically, 
the survey showed sales to the differ- 
ent categories amounting to 356 tons/ 
day of aliphatic and aromatic hydro- 
carbons, 65 tons/day of halogenated 
hydrocarbons and 171 tons/day of all 
other solvents for a total of 592 tons/ 
day. 

In all, 76 companies were con- 
tacted, covering, it is believed, all 
producers and distributors, including 
importers, making sales in Los An- 
geles County. All 76 companies re- 
sponded with essentially complete in- 
formation to the questionnnaire form 
which was designed to solicit the fol- 
lowing information for each organic 
solvent reported: 

(1) Trade name 

Chemical name 

Boiling range 

Flash point 

Vapor pressure 

Density 

Production rate, averaged 
for 1955 

Sales volumes to local buy- 
ers, averaged for 1955 

Per cents of sales volumes 
to individual buyers 

Tabulation of the data received re- 
veals many interesting facts about sol- 
vent usage in Los Angeles County. 
The identities of the important sol- 
vents, solvent suppliers and solvent 
purchasers, from the view of volumes 
sold, are all derived from this one sur- 
vey. Tables III, IV, V and VI sum- 
marize these facts. 


TABLE 


Identities and Sales Volumes of Most 
Used Solvents in Los Angeles County, 1955-1956 


Solvent 


Approximate sales volumes 
in gal./month 


. Aliphatic Hydrocarbons boiling between 
300-400° F 


. Iso-Propyl Alcohol 

. Ethyl Alcohol 

. Methyl Ethyl Ketone 

. Trichloroethylene 

. Acetone 

. Methyl Alcohol 

. Toluene 

. Xylene 

. Methyl Iso-Butyl Ketone 
. Perchloroethylene 


: 


Total for the 11 solvents 


*These volumes withheld to avoid release of confidential, competitive data. 


In deference to the requests of sev- 
eral of the companies surveyed who 
supplied their confidential data, pre- 
cautions have been taken in the pub- 
lic presentation of these data to avoid 
issuing competitive sales statistics. 
Table III, therefore, which lists the 
most important solvents in order of 
sales volumes gives approximate sales 
volumes only for the first, fifth, 
eighth, ninth and eleventh ranking 
solvents. This method, although not 
definitive, does bracket the sales vol- 
ume ranges for the other listed sol- 
vents. 

In Table IV a comparison of vol- 
umes of organic solvents sold by the 
principal suppliers is given, while in 
Table V, an analysis of solvent usage 
is made. Table IV reveals that 9 
companies are responsible for sales of 
about 4,740,000 gal./month or 95% 
of the total solvent sales. All com- 
panies with sales above 100,000 gal./ 
month of solvents were included in 


Table IV. 


TABLE IV 
Identities* and Sales Volumes of Largest 
Organic Solvent Suppliers in 
Los Angeles County, 1955-1956 


Total sales volumes 


Company in gal./month 


Total 


*On request, company names are withheld to 
avoid disclosi titive iti i 


P 
list includes all panies selling 100,000 
gal. or more/month in Los Angeles County. 


Table V shows that of the almost 
600 tons of solvent sold daily in Los 
Angeles County, the paint, varnish, 
enamel and lacquer manufacturers 
purchase the lion’s share in all or- 
ganic solvent classes except that of 
halogenated hydrocarbons, In that 
class, the largest single share goes to 
degreasers. This is illustrated differ- 
ently in Table VI, which ranks the 
categories by their percentage of total 
solvents marketed. 

Tables V and VI record only pur- 
chases of raw solvents and do not in- 
clude solvents which are associated or 
contained in other products pur- 
chased such as paints, enamels and 
adhesives. This note of caution is 
inserted so as to forestall the equat- 
ing of purchases by various consum- 
ers with their solvent emissions, since 
in many cases they are not identical. 
This becomes clear when the losses of 
solvent from paint, varnish, enamel 
and lacquer manufacturing are dis- 
closed to approximate only 1 to 3% of 
the solvents purchased by them. The 
remaining 97 to 99% is lost at the 
point of use of such surface coatings 
and thus should be attributed to the 
automobile assemblers, aircraft com- 
panies and the public. In making these 
adjustments, it is also important to 
recognize that a significant percent- 
age of products containing solvents 
may be exported from the local area 
so that evaporation of those solvents 
would occur elsewhere. 


Survey of Production and Sales of 
Paints, Varnishes, Enamels, Lacquers 
and Other Surface Coatings in 
Los Angeles County, 1955-1956 


Production and sales volumes of 
paints, varnishes, enamels and other 
surface coatings in Los Angeles Coun- 
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TABLE V 
Solvent Usage Distribution in Los Angeles County, 1955-1956 


Usage in tons/day 
Category of user Aliphatic Ketones. oth 
Halogenated 
and aromatic alcohols, esters, Total 
hydrocarbons hydrocarbons misc. 
Paint, Varnish, Lacquer, 
and Enamel Mfrs. 150 1 65 216 
Dry Cleaners 
Rubber Products Mfrs. 45 5 (Less than 1) 50 
Aircraft Companies ; 30 1 2 33 
Degreasing Operators 15 1 20 36 
Service Station Retail § 45 (Less than 1) 50 
Outlets 
Plastics, Resins, Shellac, 25 0 0 5 
Putty M 
Automobile Assemblers 10 (Less than 1) 15 25 
Paint and Hardware 20 (Less than 1) (Less than 1) 20 
Store Outlets 
Gasoline Additive Mfrs. 10 0 0 10 
Drum, Can, and Other 0 1 15 16 
Container Mfrs. 
Drug and Pharmaceutical 10 0 3 13 
Mfrs. 
Insecticide Mfrs. 1 1 10 12 
Lithographers and Printing 5 0 0 5 
Ink Mfrs. 5 0 2 6 
Adhesive Mfrs. 0 0 5 5 
All others 25 10 35 70 
Total 356 65 171 592 


ty were obtained through a mail sur- 
vey of manufacturers and suppliers. 
This survey was conducted during the 
latter half of 1956 and requested vol- 
umes as averaged for the year 1955. 
The production of all surface coat- 
ings was found to be about 2,700,000 
gal./month requiring an organic sol- 
vent usage of about 1,300,000 gal./ 
month. About 40% of the surface 
coating production was exported out 
of Los Angeles County. 


A total of 231 survey letters were 
sent to companies who classified them- 
selves as manufacturers of one or 
more surface coatings, including those 
with a production as low as 200 gal./ 
month. Replies from these compa- 
nies show that of the 231 contacted, 
113 are actively engaged in manufac- 
turing in Los Angeles County and the 
balance of 118 are either a warehous- 
ing operation, a sales office, or are 
out of business. 


Previous information from a trade 
association that 90% of the total sur- 
face coating production could be 
credited to 10% of the companies was 
not substantiated by this survey. It 
was necessary to sum the production 
from approximately 50 of the largest 
plants in order to account for 90% of 
the total production. From this, the 
inference can be made that more than 
50 of the manufacturing plants would 
have to be equipped with air pollu- 


FEBRUARY 


tion controls in order to realize any 
reduction in solvent emissions even 
approaching 90%. This is pre- 
dicted on the assumption that surface 
coatings production and solvent usage 
are linearly related. 

The questionnaire forms for this 
survey were mailed to each company, 
requesting the following information, 
on the basis of average 1955 figures: 


(1) Production in gal./month, 
individually for paints, var- 
nishes, enamels, lacquers 
and others. 


(2) Production sold in Los An- 
geles County, in per cent, in- 
dividually for paints, var- 
nishes, enamels, lacquers 
and others. 

(3) Production sold as water- 
based types, in per cent, in- 
dividually for paints, var- 
nishes, enamels, lacquers 
and others. 

(4) Production sold for indus- 
trial spraying, in per cent, 
individually for paints, var- 
nishes, ename|s, lacquers 
and others. 

(5) Production sold for indus- 
trial dip and flow, in per 
cent, individually for paints, 
varnishes, enamels, lacquers 
and others. 

(6) Names, volumes and esti- 
mated manufacturing losses 
individually of all organic 
solvents used in production 
of paints, varnishes, enam- 
els, lacquers and others, re- 
spectively. 

The totals of the production and 
sales volumes of surface coatings 
manufactured in Los Angeles County 
during 1955 are given in Table VII. 

The volumes summarized in Table 
VII lead to the following conclu- 
sions: 

(1) About 60% of the surface 
coatings produced in Los 
Angeles County are sold 
there and the remaining 
40% are shipped out of 
the county. 

(2) About 20% of the sales are 
destined for use in an in- 
dustrial spraying operations. 


TABLE VI 
Most Important Purchasers, By Percentages, of Organic Solvents 
in Los Angeles County, 1955-1956 


Percentage of total 

Category of purchaser solvents purchased 
1, Paint, Varnish, Enamel, and Lacquer Mfrs. 36.8 
2. Dry Cleaners 8.5 
3. Rubber Products Mfrs. 5.6 
4. Aircraft Companies 6.1 
5. Degreasing Operators 8.7 
6. Service Station and Misc. Retail Outlets 4.3 
7. Plastics, Resins, Shellac, and Putty Mfrs. ‘ 4.3 
8. Automobile Assemblers 3.4 
9. Paint and Hardware Stores 
10. Gasoline Additive Mfrs. 
11. Drum, Can, and Container Mfrs. Oe 
12. Drug and Pharmaceutical Mfrs. 17 
13. Insecticide Mfrs. 1.0 
_ 14. Lithographers and Printing Ink Mfrs. 0.8 
15. Adhesives Mfrs. 1.0 
16. All others 11.7 
Total 100.0 
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TABLE VII 
Production and Sales Volumes of Surface Coatings 
Manufactured in Los Angeles County During 1955 


Name of 
surface 
coating 


Production 


Sales for 
industrial 
dip & flow 


Sales for 
industrial 


PAINTS 
VARNISHES 
=NAMELS 
LACQUERS 
OTHERS* 


Totals 


322,000 


TABLE VIII 
Volumes of Organic Solvents Used 
Monthly for Surface Coating Production 
in Los Angeles County, 1955 


Volume used 
Class of solvent in 
gal./mo. 


Aliphatic Hydrocarbons 
Aromatic Hydrocarbons 
Alcohols 

Ketones 

Esters and Ethers 
Others 


742,000 
296,000 


84000 
115,000 
53000 
18000 


Total 1,308,000 


* Others comprises stains, sealers, shellac, vinyls, etc. 
** None or no substantial water base production reported. 


(3) About 4% of the sales are 
destined for use in indus- 
trial dip and flow opera- 
tions. 

(4) About 20% of the total sales 
are made up of water-based 
paints. 

About 1,308,000 gal. of organic 
solvents were purchased for the manu- 
facture of 2,684,000 gal./month of 
surface coatings shown in Table VII. 
As some of the companies reporting 
did not maintain itemized records of 
the amount of solvents used in each 
product, only total volumes of each 
class of solvent are known. These 
volumes are presented in Table VIII. 

If the assumption of a linear rela- 
tionship between surface coating pro- 
duction and organic solvent usage is 
correct, then 60% of the 1,308,000 
gal. of organic solvents used in the 
manufacture are present in the sur- 
face coatings sold in Los Angeles 
County. This would amount to about 
784,000 gal. of solvent a month which 
possibly could be released into the at- 


Fig. 3. Series of rotogravure printing presses showing dryers, steam 
lines to dryers and exhaust systems from the dryers. Covered solvent 
buggies are stationed to the left of the presses. 


mosphere from surface coating usage. 

The solvent losses during the manu- 
facture of surface coatings arise from 
evaporation from open processing 
equipment, evaporation during actual 
processing such as milling, and evap- 
oration from equipment cleaning op- 
erations. According to available 
knowledge, no control of solvent emis- 
sions is practiced except for varnish 
cooking where fumes (which are not 
principally solvents) from the var- 
nish kettles are incinerated. 

The overall estimated loss of sol- 
vent in the manufacturing processes 
is 1.2% by volume, equal to a daily 
loss of 516 gal. or 1.7 tons, using a 
weighted average density of 6.7 lb./ 
gal. 
Survey of Rotogravure Printing 
Operations in Los Angeles County, 

1956 

Seven rotogravure printing plants 
are now in operation in Los Angeles 
County with an eighth plant being in- 
stalled. The survey was conducted 
in the latter part of 1956, through a 


series of meetings with representatives 
of the rotogravure industry and by in- 
spections of their operations. Two of 
the larger, printing ink manufacturers 
were also visited to obtain more de- 
tailed information about the solvents 
used in rotogravuring inks. 


Gravure printing is a method of 
printing from a plate into which 
images have been recessed or etched. 
Printing is accomplished by inking 
the recessed images, contacting and 
transferring the ink from these images 
in the plate to paper or other material 
by pressure. In rotogravuring, a 
horizontal cylinder is used as the plate 
and its surface with the recessed 
images is alternately inked and con- 
tacted with the paper or material to 
be printed. 

As the printing cylinder revolves, 
its surface travels through an ink and 
solvent mixture contained in a trough, 
encompassing the bottom part of the 
cylinder. The surface of the cylin- 
der emerging from the fountain 
passes under a doctor blade which 
scrapes off the excess ink and leaves 


Fig. 4. Close-up view of rotogravure presses showing the dryers 
above each press and the covered ink and solvent reservoirs beneath 
the presses. 
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Fig. 5. Dry cleaning equipment designed 
for synthetic solvent usage. Clothes are be- 
ing loaded into a combination tumbler, ex- 
tractor and dryer which has a vent to the 
atmosphere above the solvent vapor con- 
denser. Solvent reclaiming equipment can 
be seen in the background. 


ink only in the recesses. The trough, 
known as a fountain has an overflow 
pipe to a reservoir to maintain a con- 
stant level. The ink and solvent mix- 
ture is recirculated back to the foun- 
tain from the reservoir by a pump, 
thus, assuring constant agitation of 
the ink and solvent. 

After contacting the cylinder the 
paper or other material printed is 
routed through a dryer, usually using 
steam heated air. If several colors 
are to be printed on the same sheet, 
rotogravuring offers the obvious ad- 
vantage of a continuous process by 
having several printing cylinders in 
series, each with a different color and 
each followed by a dryer to avoid 
smearing. 

In rotogravure plants, organic sol- 
vents are used generally for 2 pur- 
poses: 

(1) To adjust the viscosities of 
the printing inks to the lev- 
els desired. 

(2) To clean equipment. 


TABLE IX 
Ink and Solvent Usage in Rotogravure Plants 
in Los Angeles County, 1956 


Usage 


Average daily amounts* 
in lb. 


1. Printing inks 


2. Organic solvent in the printing 
inks, as purcha: 


3. Organic solvent added for thinning 


printing inks and cleaning equipment 


4. Total organic solvent used in 
rotogravure plants 


12400 


5000 


15400 


* Based on two 8-hr. shifts/day. 


Solvent emissions occur as a result 
of evaporation from storage, foun- 
tains, reservoirs and equipment clean- 
ing, and vaporization in the dryers. 


Some statistics on ink and solvent 
usage are totaled for the 7 companies 
in Table IX. From the data sub- 
mitted it appears that about 25% of 
the organic solvents used in rotogra- 
vuring are associated with the pur- 
chased inks. The solvents used con- 
sist of 79% of aliphatic and aromatic 
hydrocarbons and 21% alcohols, 
ethers and esters. 


It is reasonable to assume that all 
of the solvent used in rotogravure op- 
erations will be released into the at- 
mosphere at the plant site, since the 
printed stock is dried immediately. 
No control of solvent emissions, oth- 
er than some covering of solvent con- 
taining equipment, is practiced. 


To maintain consistency with other 
loss figures which are averaged over 
a 30 day month, the organic solvent 
emissions from rotogravure plants are 
computed as 7.3 tons/day. About 
90% of this amount is contributed by 
3 of the 7 plants. 


Survey of Organic Solvents Used 
for Dry Cleaning in Los Angeles 
County, 1956 


Surveys have been made to ascer- 
tain the volumes of organic solvents 
used in dry cleaning operations. 
Questionnaire forms were mailed to 
groups of dry cleaning operators, se- 
lected at random. Of the 800 plus 
dry cleaning plants in Los Angeles 
County, more than 300 have been sur- 
veyed. 

Each plant was requested to supply 
the following information concerning 
their operations: 


(1) Average monthly - volume 
and type of organic solvent 
purchased. 

(2) Solvent reclaiming equip- 
ment. 


(3) Disposal of spent solvent. 
(4) Operating schedule for dry 


cleaning equipment. 

(5) Weight of clothes cleaned/ 

month. 

Statistically, 60% of the dry clean- 
ing plants use chlorinated hydrocar- 
bons and are known as synthetic 
plants, while the remaining 40% use 


TABLE X 
Consumption of Surface Coatings Containing Organic Solvents, 
From the Survey of Surface Coating Users,* 
Los Angeles County, 1955 
- sak Type of surface coating (gal./month) Total surface coatings 
ee Paints | Varnishes | Enamels Lacquers | Primers Misc.** Gal./Month % 

Automobile Assemblers 54600 65100 61000 180,700 41.4 
Aircraft Companies 2300 4500 400 10000 800 12900 30900 71 
Can and Container Mfrs. 9400 21500 18000 17900 66800 15.3 
Furniture Mfrs. 3800 10200 27500 600 10100 52200 12.0 
Appliance Mfrs. 22100 800 12000 35300 8.1 
Job Enamelers 12600 1300 400 460 14700 34 
Automobile Repainters 5900 2000 7900 18 
Plastic Product Mfrs. 1200 600 1800 0.4 
Miscellaneous* ** 1600 11400 9100 12900 2700 7900 45600 10.5 
Totals 3900 29500 137,600 138,200 77500 49200 435,900 100.0 


* Tabulation of the data for the 343 companies using organic solven 
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Fig. 6. Paint spray booth for automobiles 
with connected infra-red paint drying oven 
in the background. 


p:troleum solvents and are referred to 
a: petroleum plants. Nearly all of the 
s nthetic plants have solvent vapor 
c ndensation systems integral with the 
dry cleaning unit, while as a general 
rile petroleum plants do not have va- 
por collection. All of the dry clean- 
ig plants possess filtering systems 
aad some operate muck (sludge accu- 
rulating from the dry cleaning) re- 
ciaiming equipment as well. Some of 
tue larger petroleum plants also oper- 
ee their own solvent reclaiming 
€ quipment. 

The petroleum solvents used are 
aliphatic hydrocarbons, sometimes re- 
ferred to as petroleum naphtha, and 
are either Stoddard Solvent which is 
used in more than half of the petro- 
leum solvent plants or 140°F. safety 
solvent. The chlorinated solvents 
used are perchloroethylene (almost 
exclusively), trichloroethylene and 
carbon tetrachloride (to a limited ex- 
tent). 

The smaller dry cleaning establish- 
ments, located usually in or near resi- 
dential shopping areas, use synthetic 
solvents while the larger operators, 
usually located in industrial or com- 
mercial areas, use petroleum solvents. 
Wide variations have been found to 
exist in the relationship between 
weight of materials dry cleaned and 
volume of solvent used, especially 


Fig. 7. Close-up of a paint spraying opera- 
tion showing the spray cone, and the water 
curtain for capture of solid paint particles. 
The potential overspray resulting from the 
spraying of an article with this size and 
shape is easily visualized. 


amongst the smaller operators. It is 
quite possible that quantities of sol- 
vents in excess of that required are 
being used and wasted daily into the 
atmosphere. 

Approximate monthly consumption 
of chlorinated solvents in Los Angeles 
County is 25000 gal. and of petroleum 
solvents, 435,000 gal. It is assumed 
that the amount of solvent purchased 
and used represents the amount of 
solvent emitted into the atmosphere. 
On this basis, solvent emissions from 
dry cleaning operations are estimated 
as 5 tons of chlorinated solvent and 
45 tons of aliphatic hydrocarbons 
daily. 

The adjustment to be made to these 
data for the amount of solvent sew- 
ered or discarded has not yet been de- 
termined. An interesting fact brought 
out during the survey is that some of 
the synthetic plant operators dilute 
their chlorinated solvent with petro- 
leum solvent purchased at retail out- 
lets in order to reduce costs. 


Survey of Surface Coating Users 
in Los Angeles County, 1955 


The purpose of this survey was to 
determine the locations of the major 


TABLE XI 
Examples of Surface Coating Formulae on An As Purchased Basis 


Composition of surface coating in % 


Type of surface Non- 


coating volatile 


Hydrocarbons 


Alcohols Ketones 


portion | Aliphatic 


Aromatic 


56 


10 
7 
33 


Paint 
Varnish 
Enamel 
Lacquer 
Metal Primer 


40 


SSSSSSERSSE 


Zinc Chromate 


* Contains 50% of solvent of an unspecified type. 


Fig. 8. Double exhaust, water curtain paint 
spray station. The water curtain removes 
solid paint particles from the exhaust gas 
stream but is a very inefficient remover of 
the organic solvent. 


surface coating operations and the 
volumes of coatings and organic sol- 
vents used in such operations. In 
planning this survey, 8 industrial 
categories plus a ninth miscellaneous 
category for a variety of smaller in- 
dustries were chosen on the basis of 
suspected extensive spray painting, 
dipping or flow coating operations. 
The data collected for this survey cov- 
ered 1955 for the selected industrial 
companies in the categories of auto- 
mobile assembly plants, aircraft com- 
panies, can and container manufac- 
turers, furniture manufacturers, ap- 
pliance manufacturers, job enamelers, 
automobile repainters, plastic prod- 
ucts manufacturers and miscellaneous. 

A total of 442 individual plant lo- 
cations in these 9 categories who were 
contacted by mail and requested to 
complete a questionnaire form made 
reply. Of those, only 343 companies 
were actually engaging in coating 
processes requiring the use of organic 
solvents. The companies on the sur- 
vey list were so chosen as to have, at 
least, the major companies in each 
category represented. 

The answers to the questionnaire 
allowed the following data to be ac- 
cumulated: 

(1) Number and types of coat- 

ing equipment. 

(2) Hours of operation. 

(3) Air pollution control de- 

vices. 

(4) Methods of drying. 

(5) Coatings applied. 

(6) Solvents consumed. 

By comparison with data from the 
Survey of Surface Coating Manufac- 
turers and the, as yet, unreported data 
from surface coating importers, the 
343 companies in this survey who are 
engaged in coating operations in- 
volving approximately 436,000 gal./ 
month, account for 84% of the indus- 
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trial surface coatings used in Los 
Angeles County. 

Table X is a tabulation by category 
of industry of the types and volumes 
of surface coatings and organic sol- 
vent containing materials used. It 
also includes the total volume of sur- 
face coatings used by each category 
and per cent of total coatings used by 
all of the 343 companies reporting 
surface coating operations. Table XI 
shows some typical compositions of 
surface coatings. 

Table XII is a tabulation by cate- 
gory of industry of the classes of or- 
ganic solvents utilized. The original 
information in gal./month is shown 
as well as the corresponding calcu- 
lated result in tons/day and percent- 
age of the total. The calculations 
were made on the basis of a 30 day 
month. For the 343 companies, an 
average of 62 tons of organic sol- 
vents are employed daily of which 15 
tons are aliphatic hydrocarbons, 29 
tons are aromatic hydrocarbons, 5 
tons are alcohols, 9 tons are ketones 
and 4 tons are esters and ethers. 

This survey indicates that the 6 au- 
tomobile assembly plants rank first in 
usage of surface coatings and asso- 
ciated organic solvents with 41.5% of 
the total surface coatings and 40.4% 
of the organic solvents tabulated for 
all the categories. Three other cate- 
gories of industries showing substan- 
tial usages are aircraft companies, 
can and container manufacturers and 
furniture manufacturers. If the ad- 
ditional organic solvents used by these 
categories of industries for other pur- 
poses were added to the results of this 
survey, aircraft companies would 
probably show the largest consump- 
tion of any of the categories. It is 
estimated that all of the organic sol- 
vents consumed in the surface coating 
operations of these companies would 
be emitted to the atmosphere except 
for the minor amounts now being 
controlled. 

The sources of losses are the evap- 
oration and vaporization of organic 
solvent during the surface coating ap- 
plication (most commonly by spray- 
ing) and subsequently baking or dry- 
ing. In applying surface coatings by 
spraying, solvent losses are unneces- 
sarily excessive because of overspray 
which never impinges on the surface 
being coated, and so, with its accom- 
panying solvent is wasted. Overspray 
can amount to as much as 80% or 
more of the volume sprayed, depend- 
ing upon the shape and dimensions of 
the object being sprayed. 

Spraying and other surface coating 


FEBRUARY 


TABLE XiIl 
Consumption of Organic Solvents in Surface Coating Operations, 
From the Survey of Surface Coating Users,* 
Los Angeles County, 1955 


Total of organic solvents used 
in surface coating operations 


Category of industry 


Gal./ Tons/ % 
month day by weight 
Automobile Assemblers 213,000 25 40.4 
Aircraft Companies 82000 9 14.5 
Can and Container Mfrs. 66000 8 13.0 
Furniture Mfrs. 57000 7 11.3 
Appliance Mfrs. 25000 3 4.7 
Job Enamelers 12000 2 3.2 
Automobile Repainters 9000 1 1.6 
Plastic Product Manufacturers 3000 (<1) 0 
Miscellaneous* * 61000 11.3 
Total 528,000 62 100.0 


** Electronics, Adhesives, Machinery Manufacturer and Platers. 
* Tabulation of the data for the 343 companies using organic solvents. 


applications are uncontrolled and the 
solvent vapors are exhausted to the 
atmosphere. The use of water cur- 
tains in some spray booths is not con- 
sidered to furnish control for solvent 
vapors although a small percentage of 
the solvent might be dissolved in the 
water and eventually sewered. The 
only controls so far adopted for sur- 
face coating operations are catalytic 
combustion units and direct-fired in- 
cinerators for baking and drying 
oven exhaust gases. There have not 
been enough installations of this kind 
to achieve any significant reduction in 
total solvent emissions although local 
nuisance problems have been alle- 
viated. 
Conclusions 

Approximately 400 of the 600 tons 
of organic solvents marketed daily in 
Los Angeles County are released into 
the atmosphere. The balance of the 
600 tons leaves the county in associa- 
tion with a manufactured product, is 
consumed in control equipment and 
is dissipated as liquid or semi-liquid 


Fig. 9. Close-up of a vapor degreaser show- 
ing a basket of metal parts submerged in 
the vapor and being degreased by the con- 
densed solvent vapor. The sharp condensa- 


_tion line at the water jacket illustrates how 


high solvent vapor losses are prevented. 


wastes. 

The daily emission of 400 tons 0! 
organic solvents, as shown in Table 
XIII, represents 20% of all the or 
ganic vapors emitted daily into the 
Los Angeles County atmosphere. Al. 
though later refinements proceeding 
from other scheduled surveys might 
alter this relationship by a few per 
cent, the smog-forming potential and 
quantity of this large mass of air pol 
lution demand the expenditure of i 
tensive control efforts. 

The major sources of organic sol- 
vent emissions in Los Angeles County 
are the aircraft companies, auto- 
mobile assemblers, rubber products 
manufacturers and dry cleaners, and 
the public. If these are classified by 
type of operation, then the major 
sources are in the application and 
drying of surface coatings, degreasing 
or metal cleaning and dry cleaning 
of clothes. 

No controls are employed for the 
organic solvents vaporized during the 
brushing, rolling, spraying or other- 
wise applying a surface coating, un- 
less the water wash systems used with 
some spray booths are considered. 
The primary purpose of such water 
wash systems is to remove pigment 
particles from the spray booth ex- 
haust gas stream and any absorption 
of solvent is inefficient and insignifi- 
cant. 

There are several obstacles to the 
development of satisfactory control 
devices or systems. For spray booths, 
low solvent concentrations and high 
effluent volumes as well as small 
amounts of emissions per individual 
booth present a real economic barrier. 
For brushing and rolling, the enor- 
mous number of small emitters, not 
located permanently in any one spot, 
effectively cancel any real hope of an 
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TABLE XiIll 


Organic Vapor Emissions* 


Los Angeles County, 1955-1956 


Sources of organic vapor emissions 

Automobiles 

Solvent Users** 400 20.0 
Incineration 115 5.8 
Petroleum Refining 105 5.3 
Petroleum Production 60 3.0 
Consumer Gasoline Marketing 50 2.5 
Petroleum Bulk Marketing 25 1.2 
Combustion of Boiler and Heating Fuels 25 1.2 
Other 20 10 

Total 2000 


* Hydrocarbons, Aldehydes, Ketones, Acids, Alcohols, Esters, Ethers. 


** Surface Coaters, Dry Cleaners, Degreasers, etc. 


i dividual control device. For baking 
aid drying ovens, however, a more 
c otimistic attitude can be taken. Some 
control installations, operating on a 
c mbustion principle, have been made 
{or baking and drying ovens and oth- 
es are expected. The efficiencies of 
taese are high, better than 90%, 
\ here temperatures of the control 
init are maintained at a sufficiently 
| igh level. 

Some types of industrial degreasers 
ray be said to be operating under 
semi-controlled conditions, in that 
they employ cooling coils to condense 
the solvent vapors which might other- 
wise overflow the equipment. Never- 
theless, a portion of the vapors do 
escape and when added to the losses 
‘rom other degreasers and degreas- 
ing operations create an air pollution 
problem not to be overlooked. The 
multitude of small operations with in- 
dividual small losses, widespread lo- 
cations and infrequency of many op- 
erations hampers quick control. 

Synthetic solvent dry cleaning 
plants are so designed as to condense 
and recover for reuse a considerable 
portion of the solvent. Some of the 
larger petroleum solvent dry cleaning 
plants also are so equipped but there 
are more than 200 petroleum solvent 
plants which are not, and which might 
prove. subjectible to a control pro- 
gram. 

In addition to the standard ap- 
proaches to solvent vapor control by 
adaptation of activated carbon ad- 
sorption, incineration and absorption, 
other possibilities should also be in- 
vestigated. Two that would offer an 
overall, general attack on the prob- 
lem are: 

a. Development of new tech- 
niques for applying surface 
coatings which would necessi- 
tate less solvent usage, and 

b. Reformulation of products 
with the present organic sol- 


vents substituted for by in- 
nocuous solvents. 

With regard to new techniques, 
suggestions have been made to employ 
heat or pressure to create flowability 
of surface coatings ordinarily sup- 
plied by solvent. Electrostatic spray- 
ing has been recommended as a means 
of reducing overspray and consequent 
wastage. Another technique, not yet 
explored, would require enclosure of 
spraying operation and subsequent re- 
duction of effluent volume and rais- 
ing of solvent concentration above its 
explosive limit to make the standard 
methods of control economically more 
feasible. 

Reformulated products, eliminating 
the use of organic solvents and re- 
placing them with water, have been 
in use for many years for household 
or architectural structure painting. 
More extensive use of these products, 
and development of sister products 
for industrial coatings, would yield 
returns not only of less air pollution 
but also of less hazards and possibly 
lower operating, investment. and in- 
surance costs. A responsible engi- 
neer from one of the principal indus- 
tries applying solvent-based surface 
coatings stated his opinion, in a pri- 
vate meeting initiated by the APCD, 
that water-based coatings for his in- 
dustry would not be commercially 
available for at least 5 years. There 
is evidence that development of water- 
based industrial coatings is being 
pressed at many companies, with 
some products already being offered. 

Besides reformulation of surface 
coatings to exclude the use of organic 
solvents, there are other operations 
involving the use of organic solvents 
which would be benefited from an air 
pollution standpoint. Introduction of 
non-organic solvent-based degreasing 
compounds would be one example. 

The enumeration of possible con- 
trol devices and methods gives hope 


Fig. 10. Operation of a vapor degreaser 
showing how the height of solvent vapor is 
controlled by a water cooled jacket located 
near the top of the degreaser. In the par- 
ticular degreaser shown a liquid solvent rinse 
is supplementing the vapor degreasing. 


that a reduction of organic solvent 
losses in Los Angeles County can be 
attained. With this in mind, studies 
are being made of legislation applica- 
ble to spraying and baking operations 
of industrial surface coatings. These 
require more detailed information on 
several processes and sources in order 
to define, with more exactitude, the 
extent of their contributions to air 
pollution. 

Continuing investigations into oth- 
er industrial categories to establish 
their types of operations responsible 
for solvent losses are necessary. Rub- 
ber products manufacturing, plastic 
products manufacturing, drug and 
pharmaceutical manufacturing are 
some of the industries intended for fu- 
ture surveys. 
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the West Coast Section of the Air Pol- 
ae Control Association, March 25-26, 
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The National Air Sampling Net- 
work had its beginning in 1953 as an 
investigation to determine by chem- 
ical means the amount of protein in 
pollen and other materials suspended 
in the atmosphere. After trying a 
variety of sampling methods, filtra- 
tion of approximately 70000 ft.“ of 
air through an 8x10 in. flat filter over 
a 24-hr. period was adopted using a 
vacuum cleaner type exhauster (Fig. 
1). Chemical procedures were de- 


Fig. 1. High volume air sampler. 


vised to determine the protein con- 
tent of the material collected on the 
filter. Sampling was originally on a 
weekly basis in most cases, but has 
very recently been made biweekly. 


Air Sampling For Protein Analysis 


Since paper filters are organic in 
nature and may contain protein, it 
was decided to use glass fiber filters 
which had just become available in 
quantities. Flash-firing techniques 
were developed to burn off the resin 
binder used in the fabrication of these 
filters.1’) The resulting filter was 
free from organic materials and pos- 
sessed the necessary filtration char- 
acteristics. The year 1953 was spent 
largely in the development of this 
filter medium, sampling procedures, 
analytical techniques, and organiza- 
tion of the sampling network in 15 
* Presented at the 50th Annual Meeting 


of the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 


FEBRUARY 


Results of Three Years of Operation of the 
National Air Sampling Network" 


ARTHUR C. STERN 


Robert A. Taft Sanitary Engineering Center 


Cincinnati, Ohio 


cities (Fig. 2) to field test the meth- 
od. From the start, all analytical 
work was done by the Sanitary En- 
gineering Center personnel on sam- 
ples mailed to Cincinnati by the col- 
lecting agency. Originally the filters 
were folded with the dust-laden size 
inward, placed in a 4-oz. ointment 
can, and mailed in a cardboard mail- 
ing container, but early in 1955 the 
procedure was changed to mailing the 
once folded sample protected by a 
manila folder in an ordinary envelope 
of the proper size (Fig. 3). 

It was felt that there might be a 
relationship between the presence of 
trees, grasses, weeds and other plants, 
and the pollen-related protein likely 
to be found in the air. Initial em- 
phasis therefore was on the establish- 
ment in each community selected for 
this field-testing program of at least 


Fig. 2. Typical Sampling Site. 


two sampling sites, one in the bus- 
iness area and another in a suburban 
or nearby rural residential area with 
considerable vegetation, the actual 
number of sites being largely depend- 
ent on the ability of the local co- 
operators to find, maintain, and serv- 
ice several diverse sites. During 1954 
and 1955, there were frequent site re- 
locations, as sampler noise proved 
objectionable in residential neighbor- 
hoods, and suburban or rural sites 
proved inconvenient to service from 
downtown offices on a routine basis. 


Throughout 1954, accumulating 
data gave evidence of value of the 
sampling method, weighing tech- 
nique, solvent extraction steps in the 
protein analysis procedure, and in- 
organic analyses as a measure of 
more general air pollution. However. 
at that time there was no specific 
budget in the Service for air pollu- 
tion studies other than the United 
States commitment to the Internation- 
al Joint Commission for the Detroit 
River air pollution reference. Study 
of the air pollution measurement 
value of these samples was made by 
dividing the filter after its initial 
weighing, so that only a part of it 
was committed to protein analysis, 
the remainder being reserved for 
other measurements (Fig. 4). 


Suspended Particulate Loading and 
Organic Fraction 


A preliminary report on suspended 
particulate levels from several cities 
for 1953, 1954, and early 1955 was 
presented in April, 1955.) This re- 
port included a limited amount of 
data on the acetone soluble and in- 
organic portion of the particulate 
samples. A detailed report on the 
acetone soluble materials for the 
same period was presented a month 
later.‘*) 

Extraction of samples with benzene 
provides a more useful product for 
organic chemical studies than does 


Fig. 3. Typical air sample on receipt. 
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_ EXTRACTION OF ORGANIC MATTER SPECTROGRAPHIC DETERMINATION 
OF METALS 


AND DETERMINATION OF PROTEIN 


Fig. 4. Division of sample for analysis. 


an acetone extraction, but is less de- 
sirable as a preliminary step for pro- 
tein analysis. The passage of the 
Federal Air Pollution Research and 
Technical Assistance Act (Public Law 
159 — 84th Congress) in July, 1955, 
was almost coincident with comple- 
-ion of the research on protein con- 
tent of air; after that date the sol- 
vent used for organic extraction was 
changed from acetone to benzene and 
no further protein analyses were 
made on samples. 

The data accumulated on the pro- 
tein content of air are of only in- 
cidental interest to air pollution con- 
trol officials. For those interested in 
these data and analytical techniques 
a report on the protein content of 
air is available,‘*) a condensed ver- 
sion of which will shortly be offered 
for publication. 


Analysis for Inorganic Materials 


Under an informal arrangement 
the Kettering Laboratory of the Uni- 
versity of Cincinnati analyzed 784 
samples collected during 1953, 1954, 
and early 1955 for certain metals and 
anions. A brief summary of these 
results was reported in an early 
paper.‘?) Since July, 1955 all anal- 


DETERMINATION OF RADIOACTIVITY 
SULFATES, NITRATES, FLUORIDES, ETC. 


Fig. 5. Distribution of 
iron, zinc, copper and 
manganese from 74 
samples, 1954-1956. 


(From paper “Distribution of Certain Metals 
in the Atmosphere of Some American Cities" 

by E.C. Teber and We. ¥. Warren -- 

American industrial Hygiene Asen., St. Lovis, 
Me., April 25, 1967) 


(*mEDIAN VALUES) 


ysis for metals and anions has been 
carried out by personnel of the Com- 
munity Air Pollution Program. These 
analyses have included a small num- 
ber of earlier samples, but the bulk 
of the work has been on 1955 and 
1956 samples. The results of the 
analysis of selected samples from 20 
communities for 17 metals were re- 
ported in a separate paper.“®) The 
distribution curves for several of 
these metals (Fig. 5) show a method 
of data analysis and presentation 
using log-probability coordinates, 
which we believe gives more meaning 
to range of air pollution measure- 
ments than the methods more com- 
monly used heretofore. 


TABLE | 
Radioactivity of Suspended Particulate 


Activity /m.* 


Date Date 
collected* 


Sample 
counted No. 


Alpha** Beta** 
mupe 


11/5/54 11/26 1600 
11/12 12/13 1926 
11/12 12/9 1927 
11/18 1/6/55 1928 
11/18 1/18 1929 


3 1.09 
7 2.42 
2.59 
1.87 
1.06 


* 24-hr. sampling period 
** When counted 
*** Extrapolated to time of collection 


Composition of Organic Fraction 


The quantity of benzene-soluble 
(i.e., organic) material obtained from 
an individual 24-hr. sample is too 
small for detailed analysis to deter- 
mine its chemical make-up. It has 
therefore been the practice to pool 
samples from a sampling site or city 
to meet the needs of the organic anal- 
ysts. The number of samples pooled 
has varied with research needs. 

This pooling procedure has the 
virtue of ironing out day-to-day var- 
iations, and the disadvantage of in- 
cluding samples that have aged for 
weeks or months. The significance 
of this latter factor is being studied. 
Evidence to date‘*:") indicates that 
because of the strong adsorptive prop- 
erties of the particulate material on 
hte filter, low boiling point com- 
pounds are retained by the particu- 
late matter during transport and stor- 
age. There is little or no evidence 
that any important chemical changes 
occur during transport or storage of 
samples, such as to influence the re- 
sults of the analyses made under the 
Network program. An initial pre- 
sentation of the results of separation 
of the organic material into basic, 
weak acid, strong acid, aliphatic, aro- 
matic, and oxygenated neutral frac- 
tions'®) has already been made. 
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TABLE II 
Number of Sampling Stations in Network* 


Year Jan. | Feb. | Mar.| Apr.| May |‘June | July | Aug. | Sept. | Oct. | Nov. | Dec. 
1953 0 0 0 0 0 0 0 0 2 13 23 31 
1954 33 34 36 36 40 42 43 44 46 49 53 56 
1955 58 56 59 63 63 62 63 66 62 61 63 64 
1956 64 64 62 61 53 51 51 51 47 41 38 32 


* In addition special samples, not included in network data, were received from 52 other stations. 


Number of Cities In Network** 


Year Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept.| Oct. | Nov. | Dec. 
1953 0 0 0 0 0 0 0 0 3 10 12 15 
1954 17 17 18 18 20 21 21 21 22 23 25 25 
1955 26 26 31 33 33 35 36 38 38 | 37 38 41 
1956 41 41 43 43 39 39 41 41, 38 37 34 32 
** In addition during this period special Pp not luded in network data, were received 
from 13 other cities. 
Radioactivity of Suspended public. For these data to be most 


Particulate 


A large proportion of Network 
samples have from the beginning 
been measured for beta radioactivity 
and a limited number for alpha ac- 
tivity. The beta counts have been 
extrapolated to the time of sample 
collection to correct for decay. These 
data are being prepared for publica- 
tion. In the interim, they are avail- 
able to those who can use them in the 
form shown in Table I. 


Utilization of Network Data 


The publication of the papers men- 
tioned is not the primary method of 
making network data available to the 
cities where the samples were taken. 
The prime method is and will contin- 
ue to be, the return to the volunteer 
cooperators, at 3-month intervals, of 
the raw data from the samples they 
collected. This information is theirs 
to use, analyze, or publish separate- 
ly, as they see fit. The Public Health 
Service does not edit, review, or re- 
strict such usage of local data, and, 
although responsible for the analyti- 
cal accuracy of the data, is not re- 
sponsible for local interpretation or 
decisions as to its use. 

In view of the mandate of the Air 
Pollution Research and Technical As- 
sistance Act for the Public Health 
Service to assemble and disseminate 
information on air pollution in the 
United States, we cannot justify mak- 
ing network chemical analyses unless 
the results are made available to the 


useful to the public, they must be 
identified by city name rather than 
by some anonymous label. We be- 
lieve that such identificatoin will be 
ultimately beneficial to the cities in- 


volved. 


Master Plan for the Network 


Throughout 1955, while the origi- 
nal network was being converted 
from a short-term project to a con- 
tinuing national air quality surveil- 
lance network, requests were re- 
ceived from other cities for inclu- 
sion. The immediate desire to com- 
ply with these requests resulted in a 
large and somewhat unorganized in- 
crease in the number of cities being 
sampled and in the number of sam- 
pling stations within certain cities 
(Table II), until it became obvious 
that a more planned development 
would best serve national needs. 
Therefore, in March, 1956, a master 
plan for orderly development and op- 
eration of the network was estab- 
lished. It was decided that all new 
urban sites would be in commercial 
or business areas, and that residen- 
tial or suburban area sites would be 
replaced by nonurban sites as remote 
as possible from urban influences. 

The most difficult change in the 
Network has been the decision to use 
only one sampling site/city, a deci- 
sion taken reluctantly in order to ob- 
tain national coverage within exist- 
ing budget limitations. The analysis 
by state and local laboratories of 
samples from more than one sam- 


pling site in each major city is 
strongly recommended. Such local 
data are needed for fullest exploita- 
tion of the data from the local Na- 
tional Air Sampling Network station. 
Where there are multiple sampling 
stations in one city, individual sta- 
tion differences are to be expected. 
Rises and falls of stations tend to be 
in phase with changes in the diffu- 
sional scale; the changes from day to 
day at each site are large compared 
to site-to-site variations at any given 
instant of time. Therefore, a single 
network site gives information of 
worth even if the values reported 
would have been somewhat larger or 
smaller had another site been chosen. 

The master network plan now be- 
ing followed lists all the major popu- 
lation centers in the United States 
and sets up a schedule to sample 
them on an annual, biennial or trien- 
nial basis in such a manner that there 
will be at least one city sampled every 
year in each state and territory (Fig. 
6). The plan further calls for set- 
ting up one nonurban sampling sta- 
tion in each state during 1957. We 
expect to succeed in this goal, and 
therefore will be activating new non- 
urban stations throughout the year as 
rapidly as we can complete arrange- 
ments for satisfactory sites on sea, 
gulf and Great Lakes shores, and in 
desert, mountain, forest or farmland 
areas. The plan finally sets forth the 
analytical workup to be given the 
samples from each listed city in such 
a manner that our limited analytical 
facilities may best be used to develop 
the national picture regarding air 
quality. 


Periodicity of Sampling 


In order to get the desired national 
coverage, it was decided to switch 
from weekly to biweekly sampling 
and to select the biweekly sampling 
period on a completely random basis. 
Statistical considerations relating to 
sample selection have been discussed 
in detail in a separate paper.’®) An 
individual sample from a station is 
almost meaningless. Samples have 
meaning only when a sufficient num- 
ber have been obtained in such a 
wide variety of meteorological condi- 
tions that arepresentative range from 
minimum to maximum diffusion con- 
ditions are sampled. A more precise 
sampling method would be to predict 
diffusion a day ahead and sample the 
meteorological range by obtaining a 
few samples representing each inter- 
val between a very stable atmosphere 
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vith a minimum of diffusion of pol- 
lution away from the ground level to 
« highly turbulent atmosphere with 
¢ maximum of movement of ground 
l-vel pollution vertically and lateral- 
ly. We cannot do this because we do 
not have, at each of over a hundred 
stations, the equipment, personnel, 
and know-how for such prediction. 
An alternative would be to sample 
daily for 365 days a year and divide 
the samples on the basis of known 
meteorological conditions into diffu- 
sion intervals. The data would then 
be analyzed as a grouped or strati- 
fied sample. This is being done in 
our Louisville study,°’ but we can- 
not ask volunteer cooperators to do 
likewise over the nation. The other 
alternative, which we have adopted 
for the Network, is a completely ran- 
domized sampling procedure in 
which we expect by chance to sample 
all the major ranges of the diffusion- 
al scale in successive samples at a 
given station. 


Interpretation of Network Results 


The adequacy of a biweekly sam- 
pling schedule depends, of course, on 
the variability of results, but un- 
doubtedly at least a year’s operation 
at_any station would be necessary to 
assure coverage of the range of dif- 


fusion conditions. The sampling 
plan must enable significant changes 
in source strength to be distinguished 
eventually from oscillatory seasonal 
variation. The possibility of such 
changes can continually be checked 
by sequential handling of the data in 
2 ways: (1) plotting successive in- 
dividual results on log-normal con- 


PUERTO RICO 


trol charts, and (2) replotting the 
continually increasing numbers of 
observations at annual or semi-an- 
nual intervals on log-probability pa- 
per to detect changes in geometric 
means and standard deviations. 

It is anticipated that it will take 
a number of years before effects of 
changes in source strength will be- 
come evident. Since knowledge of 
changes in source strength is neces- 
sary for local air pollution control, 
for epidemiological correlation and 
for research planning, we feel that 
this type of sampling and analysis is 
basic to the control of air pollution 
in the United States. 


Need for Additional Sampling 
Techniques 


It is recognized that full assess- 
ment of air quality requires more in- 
formation than can be supplied by 
analysis of particulate collected on 
filters. Because of this, a concerted 
effort is being made to develop a 
means for sampling those pollutants 
not caught or adsorbed on filters. 
The method must require no more 
of the volunteer cooperators’ time 
and attention than does the filter 
sampler, It also must be inexpensive 
enough to allow several hundred 
samplers to be distributed to the net- 
work sites for use alongside the filter 
samplers. As yet, we know of no 
sampling device that meets the ahove 
specifications. Two contractors, the 
Franklin Institute of Philadelphia, 
Pennsylvania, and the Pittsburgh 
Coke and Chemical Company of 
Pittsburgh, Pennsylvania, and one 
Federal agency, the National Bureau 


of Standards, are helping us with this 
development program. 


Future Prospects 


A number of agencies operating 
network samplers have taken advan- 
tage of the time between designated 
sampling periods to take additional 
samples at the same or different sites. 
Although our laboratory staff and 
facility limitations prevent the Na- 
tional Air Sampling Network from 
undertaking the analytical work on 
these extra samples, recent changes 
in our data handling procedures now 
enable us to process such additional 
data at minimum effort and expense. 
These changes have been built 
around the use of automatic comput- 
er technology with punched card in- 
put and output, and direct automatic 
typing of final data tabulations in 
form for offset reproduction. These 
tabulations are too lengthy for in- 
clusion here, but will be available in 
the detailed report of network data 
from 1953 to date, which is being 
prepared for distribution. 
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Dust and Mist Collection - - 


A Critique on the State of the Art* 


Fifty years ago the last principal 
‘ype of dust collection equipment in 
use today was successfully applied to 
in industrial program. Dr. F. G. Cot- 
rell in a matter of a few months de- 
igned and constructed an electro- 
tatic precipitator for the removal of 
‘umes from the ventilation gases of a 
rold-silver parting furnace at the Selby 
Smelter near San Francisco. Even 
hen the concept of electrostatic pre- 
cipitation was old, probably first be- 
ing suggested by Hohlfeld in Ger- 
many in 1824. In the meantime there 
had been considerable work carried 
on on the subject, principally by Sir 
Oliver Lodge, but Cottrell’s use of 
high voltage direct current finally 
made the process feasible for indus- 
trial application. All other types of 
presently used dust collection equip- 
ment preceded the successful applica- 
tion of electrostatic precipitation. A 
cyclone, for example, apparently was 
first patented by Jackson in the 
1880’s. It found its principal use in 
woodworking plants until about 1905, 
when cyclones were utilized for clean- 
ing blast furnace gases. Bag filters 
are of at least equal age, and prob- 
ably much older. Even reverse flow 
filters were in use by 1893. A myriad 
of scrubber designs were in operation 
by the turn of the century, and at 
least one was capable of collecting 
dust with efficiency equal to that of 
any in common use today. ‘*.*.1) 

A cursory examination of dust col- 
lection equipment available in 1907 
might tend to leave the impression 
that little has been accomplished in 
the past 50 years. This is, of course, 
by no means the case, and many im- 
provements in design have occurred 
in this period. 

In the case of cyclones, the major 
accomplishment has been the recog- 
nition that, at least with nonflocculat- 
ed dusts, efficiency can be improved 
by the use of small-diameter cyclones. 


* Presented at the 50th Annual Meeting 
of the Air Pollution Control Association, 
held at St. Louis, Mo., June 2-6, 1957. 


K. E. LUNDE AND C. E. LAPPLE 


Stanford Research Institute 
Menlo Park, California 


In the case of bag filters, the avail- 
ability of synthetic fibers in particular 
has enabled considerable extension of 
the temperature range in which they 
can operate. Shaking mechanisms 
have certainly improved, and reverse 
jet devices have been made practical 
for at least relatively large-scale op- 
eration. The availability of ultrafine 
fibers has made highly efficient col- 
lection of submicron particles pos- 
sible with thin filter beds. Scrubbers 
have shown an increasing tendency 
toward simplicity of design, and new 
materials of construction have made 
them adaptable to highly corrosive 
services. Electrostatic precipitators 
have benefited from improved recti- 
fication equipment, electrode designs, 
and rapping mechanisms. Mainten- 
ance costs for dust collection equip- 
ment in general have probably been 
very greatly reduced, but there have 
been no radical improvements in per- 
formance, as measured by efficiency, 
power consumption, and, probably to 
a large degree, capital investment. 
Important as are the advances 


Fig. |. Victorian dust 
collector. From an 
1869 booklet entitled 


which have taken place, the increas- 
ingly rigid air pollution requirements 
confronting industrial operations de- 
mand better dust collection equip- 
ment, from the standpoints of both 
efficiency and cost. It is, therefore, 
important to inquire as to why we 
do not have such equipment avail- 
able. One reason is that no new 
principles have been discovered; even 
the flocculation of aerosols by sound 
waves was recognized in the nine- 
teenth century. New principles are 
exceedingly rare, and discovery of 
them certainly cannot be anticipated 
with confidence. Another reason is 
that we are not yet able to predict 
adequately the performance of even 
established equipment, much less pro- 
posed equipment. Fig. 1,‘!) is an il- 
lustration of this point. As the in- 


ventor conceived the operation of this 
device, the smoke emerged from the 
chimney and had an _ opportunity 
either to bypass the device completely 
or to pass over, but not through, a 
pool of rainwater. The inventor 
stated only that in passing over the 


“The Smoke Nuisance 
and Its Remedy by 
Means of Water," by 
C. J. Richardson, an 
architect and consult- 
ing engineer.” 
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water the smoke would lose some 
portion of its soot. How much more 
quantitatively could we predict the 
performance of even this extremely 
simple device today? 

It might be asked why it is neces- 
sary to be able to predict the per- 
formance of dust collection equip- 
ment. Usually the proposed equip- 
ment can be experimentally tested on 
the dust in question, and selection can 
be made on the basis of its perform- 
ance. On the other hand, pilot plant 
evaluations of dust collection equip- 
ment, like any other pilot plant work, 
can be extremely costly; so this fac- 
tor alone frequently reduces the var- 
iety of equipment potentially avail- 
able which is actually evaluated in 
practice. Consequently, one is rarely 
really sure that the most effective or 
economic equipment is actually in- 
stalled. Also, unless pilot plants are 
operated over a wide range of var- 
iables, important trends may be 
masked by variations in the condi- 
tions encountered. Moreover, cir- 
cumstances may be such that no ex- 
perimental program is possible prior 
to the construction of full-scale equip- 
ment. However, the most important 
advantage of prediction of the per- 
formance of dust collection equipment 
is that this would probably provide 
the greatest opportunity for really 
substantial improvements in effici- 
ency, power requirements, capital 
costs, and probably maintenance. The 
ability to generalize knowledge seems, 
in fact, to be a fundamental require- 
ment in any field of endeavor if rapid 
advancement is to be obtained. 


Obviously, in order to be able to 
predict the performance of an actual 
or proposed design of equipment, we 
must have a theoretical or at least 
rational basis for generalizing the 
factors encountered. Very consider- 
able progress has been made in de- 
veloping the theory of the mechanisms 
of dust collection. But much remains 
to be done, and certainly we have not 
adequately followed up the theoretical 
developments which have been made. 

It is the purpose of this paper to 
discuss in a general way the status of 
theoretical knowledge, the major 
problems in measurement techniques, 
and the manner in which these may 
influence the design, development, 
and application of dust collection 
equipment. 


Status of Theoretical Knowledge 
Mechanisms in Dust Collection 
The basic mechanisms operative in 
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any dust and mist collection device 
may be categorized into 3 distinct 
phases: (1) deposition of suspended 
particles on a collecting surface; (2) 
retention of the deposit on the sur- 
face; and (3) removal of the deposit 
from the surface. 


The over-all equipment perform- 
ance reflects the net composite result 
of these three phases. The particles 
must first be separated from the gas 
stream, which ultimately means de- 
position of the particles on a liquid 
or solid surface. Once the particles 
are deposited on the surface, they may 
not be considered collected unless 
they remain there until intentionally 
removed. If, after deposition, the 
gas stream re-entrains the deposit, 
collection has not taken place. The 
final phase involves removal of the 
retained deposit from the collecting 
surface to suitable storage or dis- 
posal. In some instances, as in throw- 
away air filters, this may take the 
form of physically replacing the col- 
lecting surface. 


Although some of these phases may 
appear as relatively trivial physical 
operations in some instances, they 
may represent controlling perform- 
ance limitations in others. For a gen- 
eral and ultimate rationalization of 
collection equipment design, it is es- 
sential that all 3 phases be clearly 
recognized, as well as any interactions 
between them. This will be illus- 
trated by some of the specific ex- 
amples cited in the subsequent dis- 
cussion. 


Deposition Mechanisms 


Basic Mechanisms 


In order to separate suspended par- 
ticles from a gas stream, it is neces- 
sary to provide (1) a force (or 
pseudo-force, such as momentum 
change), so directed as to cause a 
differential motion of the particle 
relative to the gas, (2) a collecting 
surface upon which the migrating 
particle can deposit, and (3) suffi- 
cient gas retention to permit the par- 
ticle to migrate to the collecting sur- 
face. 


The 6 known mechanisms by which 
suspended particles can be caused to 
deposit on surfaces are summarized 
in Table I. The inherent effectiveness 
of deposition by each mechanism is 
measurable in terms of a dimension- 
less parameter which in- 
corporates the major aspects of the 
respective forces and retention times 


involved as determined by the equip- 
ment operating conditions and size 


scale. This is termed basic para- 
meter in Table I. In the case of some 
mechanisms, the magnitude of the 
forces involved is also influenced by 
other factors, related specifically to 
the mechanism. These factors are 
termed specific modifying parameters 
and in combination with the basic 
parameter measure the over-all in- 
herent effectiveness of the mechanism. 


Although the above combination of 
basic and specific modifying para- 
meters measures the inherent effec- 
tiveness of each mechanism, the actual 
deposition efficiency that is realized 
in a specific application is also a 
function of additional factors related 
to the system. The influence of these 
additional factors may be described 
or measured in terms of what may 
be termed system parameters. These 
additional system factors and the cor- 
responding system parameters are 
summarized in Table I and discussed 
below: 


(1) Equipment Geometry: Al- 
though the scale factor is nor- 
mally incorporated in the basic 
mechanistic parameter discussed 
above, variations in geometric 
proportions are not. These may 
be allowed for by respective 
ratios of salient dimensions to 
some characteristic dimension or 
by such terms as fractional solid- 
ity in the case of filters or frac- 
tional free area in perforated 
plates or screens. 


(2) Fluid Flow Pattern: The 
basic mechanistic parameter in- 
corporates a gross allowance for 
flow velocities, but it does not 
allow for velocity distribution in 
the equipment. Such dis- 
tribution effects may have a 
marked effect. Flow distribution 
is determined not only by equip- 
ment geometry but also by the 
characteristics of the gas. For 
incompressible flow conditions 
(flow of liquids or gases at mod- 
erate to low velocities) , flow pat- 
terns are measurable in terms of 
Reynolds number, Nx, for a given 
equipment geometry. Where gas 
compressibility becomes signifi- 
cant, the additional allowance 
may be incorporated through the 
Mach number, Nn. Slip or 
molecular flow effects are meas- 
ured in terms of the Knudsen 


number, Nx,. 
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TABLE | 


Summary of Mechanisms and Parameters in Aerosol Deposition 


Deposition Origin of Deposition Mechanism Measurable in Terms of System 
Mechanism Force Field Basic Parameter Specific Modifying Parameters Parameters 
Flow Line Physical 
Interception? Gradientt 
Inertial Velocity kmppD*puo Nir \ 18u |\|Geometry: 
Deposition Gradient Nec = KmppDe J |(Dns/Dv), (Due/Dy), ete. 
Diffusional | Concentration Dy 
Deposition Gradient \ a 
Flow Pattern: 
Gravity Elevation ( Ue 
Settling Gradient Nog = Uo Naet 
Nua 
Electric Field kmQpé 
a) Attraction 5p, Surface Accommodation: 
b) Induction + uDouo 
k (T,/T), (Ney), 
Thermal Temperature |.  (T—T» ( ( t keo/k 
Precipitation | Gradient Nxt = ( T kmpDvuc)\ + kip 
(cnp/cn) ,* (env/en) * 


* Not likely to be significant contributors. 


t This has also commonly been termed “‘direct interception’’ and in conventional analysis would constitute a physical boundary condition imposed 


upon the particle path induced by the action of other forces. 
having finite size but nc mass or elasticity. 


By itself it reflects the deposition that might result with a hypothetical particle 


§ In cases where the body charge distribution is fixed and known, €, may be replaced with Qn./ bo 


|| This parameter is an alternate to N,,, N,, or N,q and is useful as a measure of the interactive effect of one of these on the other two. It is com- 


parable to the Schmidt number. 
3 When applied to the inertial depositi 


(3) Particle-Surface Accom- 
modation: It is generally as- 
sumed, but not necessarily valid, 
that a particle will adhere once it 
contacts a surface. This is prob- 
ably true for solids contacting 
solid surfaces at low contact ve- 
locities and possibly true for all 
liquid particles contacting liquid 
or solid surfaces. It is known, 
however, that at higher contact 
velocities solid particles do not 
all adhere to solid surfaces. In 
a recent study it was concluded 
that, at high filter velocities, only 
10% of colliding crystalline par- 
ticles adhered to the filter medi- 
um. With large particles, ad- 
hesion must be slight relative to 
removal forces; otherwise pneu- 
matic conveying would be impos- 
sible. This raises the probabili- 
ty that in some cases the deposi- 
tion phenomenon should include 
an accommodation coefficient 
which is in turn dependent on 
the physico-chemical properties 
of both the particle and the sur- 
face. 

In any collection equipment, all of 
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the above factors are operative simul- 
taneously and a general description of 
deposition efficiency would require a 
functional relationship in terms of the 
various basic mechanistic parameters, 
their specific modifying parameters, 
and the various system parameters. 
Thus, the general case is exceeding- 
ly complex. In actual applications, 
however, only one or a few mecha- 
nisms are outstanding or controlling, 
and the performance can be closely 
approximated by reduction to the spe- 
cific controlling factors. We may re- 
fer to the field of fluids handling for 


an analogous situation. Here, also, 


the general case is very complex, in-’ 


volving effects of turbulence, rough- 
ness, hydraulic jump, slip flow, com- 
pressibility, etc. Yet most applica- 
tions reduce themselves to one or two 
simple mechanisms. As in the fluids 
handling case, however, the simplifi- 
cation in dust collection is pogsible 
only with a more or less restricted 
range of operating conditions. As 
operating conditions change, the con- 
trolling mechanism may change. 
Thus, the general mechanisms should 
be kept in mind in order to recognize 
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a convenient alternate is (kp P,/18p) = 


the cases where this may occur. For 
example, with filters operated at very 
high velocity, the controlling mecha- 
nism is usually inertial deposition. 
For operation at low velocities, how- 
ever, it is probably diffusional. Fil- 
ter performance characteristics are 
entirely different for these extreme 
velocity ranges. 

The trade literature presents so- 
called fractional efficiency curves for 
cyclones which are simply plots of 
collection efficiency against particle 
size. Despite some claims to the con- 
trary, these are applicable only for a 
cyclone of given geometry, a given 
size, and given operating conditions. 
Since cyclones usually operate pri- 
marily by the inertial mechanism, 
such plots can be generalized by pre- 
senting them as plots of collection 
efficiency against the inertial separa- 
tion number. This is essentially the 
equivalent of the method of presenta- 
tion given in Perry’s Handbook‘??? 
where collection efficiency is shown 
as a function of the ratio of particle 
size to a so-called cut size. The term 
N,i is related to the cut size ratio by 


Vol. 7, No. 4 


me 
the 
by 
to j 
are 
ers 
sic 
in- 
sm. 
of 
ra- 
ual 
ed F 
red 
ed 
ay 
or- 
ire 
ed 


NOMENCLATURE 


Any consistent system of units may be 
used; the absolute metric (c.g.s.) sys- 
tem is shown by way of illustration. 


B. =cyclone inlet width, cm. 
cn =specific heat of gas, (cal.) / 
(°C.) (g.). 
Cn» = specific heat of collecting body, 
(cal.)/(°C.) (g.). 
Chp = specific heat of particle, (cal.) / 
(°C) (g.). 
D, =characteristic dimension of col- 
lecting body or device, cm. 
Dos = other characteristic dimen- 
sions of collecting body or 
device, cm. 


D; =slot width for rectangular jet 
impactor, cm. 


dimension, cm. 
Dye = particle cut size, cm. 


D, = diffusion coefficient for particle, 
cm*/sec. 

km = Stokes-Cunningham correction 
factor, dimensionless. 

ke =thermal conductivity of gas, 


(cal.) / (sec.) (em.?) (°C./cm.). 
kw = thermal conductivity of particle, 
(cal.) / (sec.) (em?) (°C./em.). 


kep = thermal conductivity of collect- 
ing body, (cal.)/(sec.) (cm.*) 
(°C./cm.). 

Ne = equivalent number of turns 
made by gas stream in cyclone, 
dimensionless. 

Nxn = Knudsen number, = (A/D), 
dimensionless. 


Nua = Mach number, dimensionless. 

Ner = Prandtl number = (cnu/k:), 
dimensionless. 

Nre = Reynolds number = (D,u.p/ 
u), dimensionless. 

Nse = interaction number = (18u/ 
kmppD,), dimensionless. 


N.a = diffusional separation number, 
dimensionless. 


Nsec = electrostatic-attraction  separa- 
tion number, dimensionless. 


Nse: = electrostatic-induction _separa- 
tion number, dimensionless. 


Nst = flow-line separation number, 


D, =characteristic particle diam. or’ 


dimensionless. 

N.g = gravitational separation number, 
dimensionless. 

Na: = inertial separation number, di- 
mensionless. 

Nst = thermal separation number, di- 
mensionless, 

Ne = number of transfer units = 
In [1/(1 — »)] dimensionless. 

= electrical charge surface-con- 
centration, coulombs/cm.? 

Q, =electrical charge on particle, 

coulombs. 

T  =characteristic temperature of 
gas, °C. abs. 

=ccharacteristic temperature of 
collecting body, °C. abs. 

Tp,  =ccharacteristic temperature of 
particle, °C. abs. ae 

ue = cyclone inlet velocity, cm./sec. 

uy = jet velocity, cm./sec. 
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Uo = characteristic velocity of gas in 
equipment, cm./sec. 

ut = free settling velocity of particle 
under action of gravity, cm./sec. 

“& = gas viscosity, poise. 

p = gas density, g./cm.’. 

pp = particle density, g./cm.*. 

8. = permittivity of free space, (coul- 
ombs)*/(dyne) (cm.)*. 

& = dielectric constant of body, di- 
mensionless. 

6, = dielectric constant of particle, 
dimensionless. 

é = characteristic potential gradient 


at collecting surface, volts/cm. 
or (dynes/coulomb) . 

\}  =mean free path of gas mole- 
cules, cm. 

ey = fractional volumetric solidity 
(for granular or fibrous beds), 
dimensionless. 

co = fractional free area, for screens, 
perforated plates, grids), di 
mensionless. 

» = fractional collection efficiency, 
dimensionless. 


Fig. 2 shows the performance data 
given in Perry’s Handbook replotted 
in this fashion. 

A fractional efficiency curve gen- 
eralized in this fashion should be ap- 
plicable to any size cyclone of the 
given geometric proportion, and any 
operating conditions, insofar as de- 
position is concerned. In making this 
generalization, various other factors, 
such as Reynolds number effects, are 
assumed to be negligible, as is usually 
the case with cyclones larger than 6 
in. in diam. at normal operating con- 
ditions. For units of very small diam., 
however, a Reynolds number effect 
may be significant. It should be 
noted here that for curvilinear flow 
the so-called critical or transitional 
Reynolds number range is consider- 


ably higher than for flow in straight 
pipes. 

For comparative purposes, Fig. 2 
also shows the performance data 
given by Ranz and Wong“®) for rec- 
tangular jet impactors used for par- 
ticle size analysis. As a first approxi- 
mation, such jets may be looked upon 
as 14-turn cyclones. It is interesting 
to note that the inertial separation 
numbers corresponding to 50% sepa- 
ration for the cyclone and the jet im- 
pactor differ by a factor of approxi- 
mately 20, which is also the ratio of 
the so-called number of turns in the 
cyclone to that in the jet. This close 
agreement is actually circumstantial, 
since the mechanism is considerably 
more complex than visualized by a 
simple number-of-turns concept. It 
does illustrate, however, the order-of- 
magnitude agreement between entire- 
ly. different concepts or approaches. 


Conditioning 


Deposition mechanisms for given 
particulate and equipment systems 
have been considered above, but the 
actual deposition efficiency that may 
be attained in a given application 
may be modified by proper condition- 
ing of the particles or of the collect- 
ing surface. Sonic flocculation, for 
example, is not a deposition mecha- 
nism in a practical sense. It is, in- 
stead, a means whereby small par- 
ticles are built up to effectively larger 
particles that are more readily de- 
posited by the action of one of the 
mechanisms discussed above. 

If the particles suspended in a gas 
stream to be cleaned are originally 
in a flocculated state, passing the gas 
through a duct at high velocity may 
deflocculate them, making them more 
difficult to collect. Thus, a cyclone, 
which should theoretically give a 
higher collection efficiency at higher 
gas rates, may actually show a re- 
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Fig. 2. Performance 
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verse trend when dealing with floc- 


culated dusts. In this case the cy- 
clone itself is acting as a conditioning 
agent by deflocculating particles dur- 
ing the collection process. In such 
cases, it is not that the basic deposi- 
tion mechanisms are any different, 
but that another process that reduces 
the effective size of the suspended 
particles is superimposed on the de- 
position process. 

Conditioning may take the form of 
condensing moisture on suspended 
particles in order to increase their 
sive and make them more readily sep- 
arable from the gas stream. This is 
feasible only with relatively low con- 
ceatrations of very fine particles. 


The question of surface accommo- 
d:tion discussed above also raises 
the possibility of treating either par- 
ticles or collection surfaces to increase 
mutual adhesion. In viscous-coated 
ar filters, for example, the fibers are 
coated with an oil, supposedly to pre- 
v-nt re-entrainment of deposited dust. 
In the light of recent results, how- 
ever, it is possible that such a coat- 
ig may actually serve an additional 
role in providing for enhanced initial 
adhesion of particles to the surface 
during the deposition process. 


In the case of mists, passage of the 
mist-laden gas through a packing at 
high velocity may result in coalescing 
the mist particles into large droplets 
which are then readily collectible in 
a simple apparatus, The process in- 
volves a deposition of fine mist par- 
ticles on the packing elements, with a 
subsequent re-entrainment by the gas 
stream or in a disruptive discharge 
of coarser drops. The packing, while 
itself a collecting device, is actually 
acting as a conditioning agent for sub- 
sequent collection devices. Another 
example in this category is the floc- 
culation of carbon black particles in 
electrostatic precipitators for subse- 
quent collection in cyclones. 


Surface Retention 


The fact that particles are de- 
posited on a surface is no assurance 
that they are collected. To be col- 
lected they must remain on the sur- 
face, at least statistically. As in the 
case of the mist agglomerator dis- 
cussed above, it is possible to have 
100% deposition efficiency with 0% 
collection efficiency. 


The problem of retaining a deposit 
on a surface is basically one of hav- 
ing sufficiently high surface forces 
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to counteract the dislodging tenden- 
cies of the fluid shear as it passes over 
the deposit. Heavy deposits in a fil- 
ter may be dislodged more readily 
than light deposits. The attractive 
surface force on a thin deposit should 
be essentially the same as for a thick 
deposit, but the shearing force may 
increase with the thickness of the de- 
posit. Thus, thick or heavy deposits 
in filters are more susceptible to dis- 
lodgement than thin or light ones. 
This poses the potential of condition- 
ing either particle or surface to in- 
crease deposit retention characteris- 
tics. In electrical precipitators, the 
gradual accumulation of a low con- 
ductivity dust on the collecting elec- 
trodes results in a potential gradient 
build-up across the dust deposit. This 
results either in a reduced electro- 
static field strength across the gas 
strea mor in a disruptive discharge 
across the deposit which dislodges it. 
It is to raise the conductivity of the 
deposit that so-called conditioning is 
resorted to in operation of electrical 
precipitators. 


Deposit Removal 


In any continuous collection equip- 
ment, some means must be provided 
for removing the accumulated deposit 
either periodically or continuously. 
In the case of bag filters it is this 
phase, rather than that of normal col- 
lection efficiency, that constitutes the 
primary engineering design consid- 
eration. Although deposit removal is 
usually purely a problem of mechani- 
cal design, it must be considered in 
terms of over-all collection efficiency. 
For example, in cyclone collectors, it 
is common to discharge collected dust 
through an outlet connected to a 
screw conveyor, a rotary lock, or sim- 
ply a flapper valve. Depending on 
the pressure in the cyclone and the 
air-tightness of the vaive, cyclone col- 
lection efficiency can be markedly af- 
fected by relatively minute in-leakage 
of air at the dust discharge hopper. 


Current Knowledge 


As will be noted from the above, 
the basic understanding of the mecha- 
nisms by which collection equipment 
functions has been established, with 
the exception of the nature and mag- 
nitude of phenomena involving forces 
between particles or between particles 
and surfaces. There are, however, 
many fundamental areas where more 
detailed quantitative information is 
required. It is only in recent years 
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that any significant use has been 
made of classical hydrodynamics to 
arrive at over-all theoretical solutions 
for depositions on simple geometric 
bodies. The flow pattern in actual 
collection equipment is usually too 
complex to permit such direct solu- 
tions. However, the idealized solu- 
tions for simple systems are exceed- 
ingly useful as a guide in predicting 
the nature and order of magnitude of 
trends to be expected in actual equip- 
ment. 

Deep-bed filters represent an ex- 
cellent example of cases in which 
classical hydrodynamics has been suc- 
cessfully used to arrive at rational 
equipment design bases, which are 
probably more reliable than the abili- 
ty to assess the basic conditions of 
any applied problem. Available data 
on the performance of deep-bed filters 
have essentially confirmed theoreti- 
cal predictions regarding liquid or 
tacky aerosol particles or solid aero- 
sol particles at low infiltration veloci- 
ties‘* 5.1, At high filtration veloci- 
ties, however, surface adhesive forces 
play a major superimposed role. The 
lack of knowledge of this phase is 
still a major deterrent to quantitative 
rationalization of collection of solid 
aerosols in high velocity filters. It is 
also a major obstacle in quantitative 
prediction of filter life, where the 
density of aerosol deposit is governed 
to a large extent by the equilibrium 
between surface forces and fluid shear 
forces. 


Although a theoretical solution is 
highly desirable, it is not essential 
to an engineering rationalization of 
the characteristics of collection equip- 
ment, and the available theoretical 
knowledge is adequate to arrive at 
more rational solutions than have 
been achieved. Most available equip- 
ment investigations have been either 
highly superficial or restricted to 
such a specific application that no 
valid generalization of the results has 
been possible. From the standpoint 
of engineering more economic col- 


‘ lection equipment installations, reli- 


able information of the following 
types is sorely needed: 


(1) establishment of the con- 
trolling performance mechanisms 
and limitations thereof for the 
various common types of collec- 
tion equipment, 

(2) establishment of general- 
ized quantitative engineering 
performance data for the vari- 
ous common types of collection 
equipment, 
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(3) establishment of optimum 
economic design proportions and 
operating conditions for the vari- 
ous common types of collection 
equipment. 


Attainment of these objectives does 
not imply assembly of performance 
data on a wide variety of proprie- 
tary equipment. Instead it calls for 
a critical quantitative evaluation of 
actual or simulated representative de- 
vices to establish important or criti- 
cal performance trends over all po- 
tential operating conditions. Such 
data may not be quantitatively ap- 
plicable to any specific proprietary 
equipment, but they should lead to a 
basis for criteria by which such 
equipment may be assessed in any 
and all applications. 


Measurement Techniques 


Any basic evaluation of equipment 
performance, as well as any evalua- 
tion of actual field conditions, is be- 
set with a number of measurement 
problems, some of which are com- 
monly recognized and some of which 
are not. Particle size is probably 
the single most important factor in 
determining how a specific piece of 
equipment will perform. The most 
salient measurement problems are as- 
sociated with the techniques for meas- 
uring or determining particle size. 


Particle Flocculation 


Particulates in gas suspension are 
flocculated to a greater or lesser ex- 
tent depending on the material, the 
concentration, the general size range, 
and the prior treatment. Floccula- 
tion becomes most pronounced with 
high concentrations of particulates 
smaller than 10 » in diam. The per- 
formance of the collection equipment 
is dependent on the effective size dis- 
tribution of the suspended particles 
and substantially independent of the 
ultimate or dispersed size distribu- 
tion. The methods of particle size 
analysis commonly used attempt to 
measure, not the effective size of the 
particles as they exist in the air 
stream, but the ultimate or dispersed 
size distribution, since this is the only 
reproducible state. Thus, with the 
many pitfalls normally involved ix 
conventional methods of size analysis, 
this added question may thoroughly 
confuse the application to equipment 
performance. To make matters 
worse, state of flocculation is not a 
fixed quantity in a given operation: 
it may well be influenced by the op- 


FEBRUARY 


erating conditions of the equipment 
itself. This is probably the single 
major reason for the many conflict- 
ing results reported in the dust and 
mist collection literature to date. To 
avoid this dilemma, it is necessary, 
therefore, to develop a means for 
measuring the effective size distribu- 
tion of the particles as they exist in 
the gas stream. 

The aerosol camera‘*) was one of 
the first attempts in this direction. It 
is a device which is capable of pho- 
tographing aerosol particles in situ. 
In principle this is an ideal solution 
to the problem. The aerosol camera 
has, however, the following disad- 
vantages: 

(1) It has not yet been devel- 
oped for use with particles small- 
er than 2 p. 

(2) It involves relatively la- 
borious counting procedures. 

(3) In most cases, to arrive at 
an effective size from the stand- 
point of equipment performance, 

a separate measurement of par- 

ticle density is required — an ex- 

perimentally difficult task in it- 
self. 

In recent years, a continuous ver- 
sion of a gravity settling chamber 
has been successfully used in a num- 
ber of applications to measure the ef- 
fective inertial particle size distribu- 
tion. In this device, a particle-laden 
gas stream is passed through a long, 
shallow settling chamber at a con- 
trolled rate and under streamline flow 
conditions. The size distribution is 
calculated directly from a measure- 
ment of the deposit gradient in the 
chamber. This chamber is restricted 
in its application to measuring effec- 
tive size distribution in the range of 
1 to 50 » in diam. under laboratory 
conditions and probably 3 to 50 » 
under field conditions. The upper 
limit is set by inability to reasonably 
obtain streamline flow for analyses at 
larger sizes; the lower limit by the 
predominant effects of convection 
currents and by excessive gas reten- 
tion times. A centrifugal adaptation 
of this device has been designed but 
not evaluated. This should permit 
application to effective particle sizes 
in the range of 0.01 to 10 » in diam. 

Optical methods offer a potential 
means for measuring effective size 
distribution without altering the size 
distribution. They have, however, 
not been developed to the point where 
they may be reliably applied to the 
size range, particle shapes, and par- 
ticulate concentrations involved in 


industrial dust collection applica. 
tions. 


Aerosol Generation 


For many years there has been 
general search for so-called standard 
test dusts which can be used to obtain 
a relative measure of equipment per- 
formance. Such dusts can give only 
relative results and cannot be used to 
obtain any but crude indications of 
the way in which particle size may in- 
fluence equipment performance. Con- 
sidering the flocculation factor dis- 
cussed above, even the relative resul’s 
may prove to be misleading. 


To obtain a better representation 
of the effect of particle size on equip- 
ment performance, the trade has ia 
some instances resorted to so-called 
fractional efficiency curves. These 
are usually calculated from a con- 
parison of the size analysis of the m:- 
terial fed to the equipment (or co - 
lected in the equipment) and that 
escaping collection. The results of 
this calculation are very sensitive t» 
the accuracy of the respective siz2 
analyses. When one considers the 
inherent limitations of the size analy- 
sis methods used and the superim- 
posed effects of flocculation, one musi 
have implicit faith in one’s ability to 
fair the data in order to arrive at a 
reasonably reliable fractional effi- 
ciency curve by this procedure. 


The fractional efficiency curve is, 
however, a basically sound way of 
presenting performance data. It is 
only because of the limitations of cur- 
rent techniques, both in the original 
evaluation of the curve as well as in 
the application to field conditions, 
that this performance criterion has 
fallen into disrepute in some areas. 


A far more reliable procedure is to 
use uniform or relatively uniform par- 
ticles in obtaining the necessary test 
data. The particles in such suspen- 
sions should also be essentially com- 
pletely dispersed. There are essen- 
tially 2 methods for achieving such 
particulate suspensions. One is the 
controlled vaporization-condensation 
technique originally proposed by Sin- 
clair and LaMer‘'®’. This is capable 
of producing low concentrations of 
very uniform particles in the size 
range smaller than 5 p. 


Pneumatic atomization of solutions 
is another method by which relative- 
ly uniform particle suspensions can 
be generated. Although this tech- 
nique does not yield entirely uniform 
particles, the uniformity is sufficient- 
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ly good for many purposes. This 
technique is useful for producing par- 
ticles in the size range of 50 to 0.1 p, 
and possibly finer. Size control is 
also simpler in this technique than in 
the vaporization-condensation proc- 
ess. 

Aerosols generated by the vaporiza- 
tion-condensation technique have 
been successfully used in evaluation 
of filter performance characteristics. 
However, neither it nor the pneu- 
matic atomization technique appears 
tc have been employed to any sig- 
n‘ficant extent in basic studies of the 
p:rformance characteristics of other 
types of collection equipment. Both 
o these methods warrant further con- 
sileration and utilization for this 
p irpose. 

In other fields, the liquid analog 
his been successfully used to solve 
gis phase problems in cases in which 
cd rect evaluation with the gas phase 
presented problems that could be cir- 
camvented by using the liquid phase. 
“he use of liquids for evaluating per- 
formance characteristics of collection 
equipment would circumvent the par- 
tcle size problems, since liquid sys- 
tems would call for dealing with a 
jarger particle size range. Since par- 
ticulate suspensions in liquids can be 
stabilized whereas suspensions in 
gases cannot, the entire problem of 
Hocculation can be avoided with liq- 
uids. Liquid systems will, however, 
introduce other problems which must 
be carefully analyzed before consid- 
ering specific applications for this 
technique. This technique is worthy 
of more detailed consideration. It 
has shown very great promise in ap- 
plications to cyclone performance 
made at Ohio State University. 


Potential Areas for Development 


A number of attractive avenues of 
approach to development of substan- 
tially improved dust collection equip- 
ment can already be recognized today. 
Several years ago, Lapple and 
Kamack®) published a paper in 
which the performance of a number 
of liquid scrubbing devices of widely 
varying design was compared, using 


same dust dispersions for each 


equipment. They found that the de- 
sign of a scrubber had relatively little 
influence on its collection efficiency 
and that the latter was primarily a 
function o fthe pressure drop through 
the entire scrubber. They also sug- 
gested the possibility that the domi- 
nant factor in determining the effi- 
ciency of a scrubber was the total 
power expended regardless of wheth- 
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Fig. 3. Performance 
data for salt-cake fume 
scrubbers.°” 
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er the power was introduced in the 
gas phase in terms of gas pressure 
drop, in the liquid phase in terms of 
liquid flow rate and pressure required 
for hydraulic atomization, or by me- 
chanical means. Subsequent work 
has indicated that this suggestion of 
a relation between total power ex- 
pended and efficiency was essentially 
correct. In our experience there 
have been only two situations in 
which a significant deviation from 
this relation has appeared to occur 
in the direction of improved collec- 
tion efficiency for a given power con- 
sumption. The first situation was 
with a particular design of liquid-gas 
contacting device, and the second oc- 
curred when the scrubber was oper- 
ated under condensing conditions. 
The relative performances of scrub- 
bers operating under condensing and 
noncondensing conditions are illus- 
trated in Fig. 3. The data are plotted 
in terms of total power introduced in- 
to the scrubber vs. the number of 
transfer units obtained. The transfer 
units are a measure of efficiency and 
more clearly indicate the true incre- 
ment of performance than efficiency 
itself. These data were obtained with 
several types of scrubbers operating 
on salt cake fume from a kraft paper 
mill recovery furnace and are treated 
in more detail by Semrau.'!*’, Foth 
curves represent conditions in which 
the stack gases were at a temperature 
of 300°F. and contained a relatively 
large amount of water vapor. The 
lower curve represents conditions 
where the stack gases were contacted 
with scrubbing liquor at the adia- 
batic saturation temperature of ap- 
proximately 150°F. These are the 
normal conditions under which scrub- 
bers are operated on kraft mill re- 
covery furnaces. The upper curve, 
however, represents conditions in 
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which the moist stack gases were con- 
tacted by a scrubbing liquor consist- 
ing of fresh water at a temperature of 
70°F. or less. As may be noted, for 
the same number of transfer units, or 
efficiency, the contact with cold water 
reduced the power requirement for 
the scrubber to only about one-third 
that required when operating with a 
hot scrubbing liquor. Such a reduc- 
tion in power requirement for the 
large volume of stack gases involved 
would be of major economic import- 
ance. 

Both the concept and usage of con- 
densation as a means of industrial 
dust collection are quite old. In re- 
cent years work has been carried out 
in which condensation for this pur- 
pose was achieved by adiabatic ex- 
pansion through a nozzle or by in- 
jection of steam. The method de- 
scribed above, however, is older, 
having been used in the Harz Moun- 
tains of Germany at a silver smelter 
in 19097), 

It should be noted*that there was 
considerable scatter in the data rep- 
resented by the curves in Fig. 3, and 
that the improvements obtained could 
only be detected on the basis of a 
large number of points. Undoubtedly 
much of this scatter results from var- 
iations in effective size distribution of 


’ the dust generated in the furnace from 


time to time. Also, it may well be 
that the specific conditions under 
which condensation is carried out 
have a major influence on the effect- 
iveness of the condensation. In any 
event, a systematic investigation of 
the process, utilizing dusts of a con- 
trolled particle size and with adequate 
methods of measurement of particle 
size, may well reveal conditions under 
which substantially better perform- 
ance than that indicated can be ob- 
tained. 
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Equally attractive opportunities 
exist in other methods of dust col- 
lection. For example, it is known 
that in bag filters the fabric itself can’ 
exert a marked influence on the re- 
sistance coefficient of the dust cake. 
Adequate knowledge of the factors 
responsible for this phenomenon 
might permit substantial reductions in 
the cloth area required for bag filters. 

Deep-bed fibrous filters have in re- 
cent years become widely used for 
situations involving very light dust 
loading, such as in air conditioning. 
They can operate with high efficien- 
cies on even very fine aerosols and 
their first cost is attractively low. 
They have not, however, found par- 
ticular use for industrial problems 
where the higher dust loading results 
in a prohibitively short filter life. De- 
velopment of practical means of clean- 
ing these filters might well, however, 
introduce an economic means of treat- 
ing industrial waste gases containing 
very fine aerosols. It is even possible 
that these filters could be used as in- 
expensive flocculators by operating on 
a continuous basis. This might be ac- 
complished by designing them so that 
accumulated dust deposits would 
shear off in a flocculated state for sub- 
sequent collection by cyclones or low 
pressure drop scrubbers. 

Inertial devices such as cyclones 
are limited in the particle sizes which 
they can effectively collect by the 
particle accelerations which can be 
produced and by the restraining wall 
friction. Many attempts have been 
made to increase these accelerations 
by mechanically driven members, but 
the potentialities of this method would 
warrant considerably more attention. 
Such driven units have great potential 
for radical reduction of equipment 
size, weight, and cost when dealing 
with submicron . materials, factors 
which are of especial interest in air- 
craft applications. 

The dust escaping from electro- 
static precipitators is generally floc- 
culated to some degree, and in some 
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instances the escaping dust resembles 
a snow-fall. These snowing conditions 
tend to offset the advantages gained 
in reduced emission by the use of the 
precipitator, since the settling rate of 
these large flocs may considerably ex- 
ceed that of the original dust disper- 
sion. These flocs presumably occur 
as a result of the shearing of deposits 
off the electrodes... Where this prob- 
lem is serious, it might be well to 
design the precipitator primarily as a 
flocculator, to reduce the size — and 
therefore the cost — of the precipi- 
tator, as has been done in carbon 
black collection applications. Much 
more needs to be known, however, as 
to the mechanics of surface retention 
and deposit removal before obtimum 
constructions can be accomplished 
and systems designed with confidence. 

This by no means exhausts the list 
of potential improvements in the per- 
formance of dust collection equip- 
ment. With adequate means of meas- 
urement and systematic investigations 
evaluated on a generalized basis, 
much more advantage could be ob- 
tained from our theoretical knowledge 
of the existing methods of dust col- 
lection, and it is quite likely that such 
investigations would lead to the de- 
velopment of vastly improved meth- 
ods which are presently unsuspected. 


Summary and Conclusion 


Although many improvements in 
dust collection equipment have been 
made in recent years, they have been 
concerned primarily with mechanical 
details. There has been comparative- 
ly little follow-up of the theoretical 
developments in the design and ap- 
plication of equipment in practice. 
The single greatest deterrent to engi- 
neering rationalization of dust collec- 
tion equipment design lies in the 
problems of measurement and inter- 
pretation of results. Any evaluation, 
either fundamental or empirical, 
which does not fully recognize these 
problems can yield very misleading 


results. Wide recognition of these 
problems, more extensive use of al- 
ready available techniques for min. 
imization of them, and greater em- 
phasis on development of improved 
techniques should vastly improve our 
knowledge of collection equipment 
performance and should result in 
more economic and reliable designs 
and installations. To this end, there 
is presented a brief general summary 
of the basic performance principles of 
dust collection equipment, a discus- 
sion of the major problems in meas- 
urement techniques, and an indication 
of specific areas for potential deve'- 
opment. 
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An Evaluation of Environmental Odors 


WILLIAM F. KERKA 


* 


American Society of Heating and Air Conditioning Engineers 


While man has greatly expanded 
his manufacturing capacities and has 
concentrated industry within limited 
boundaries, he has in many cases cre- 
ated contaminated environments. The 
degree to which this contamination 
has become a public nuisance depends 
among other things, upon the concen- 
tration and character of the source, 
the area over which contamination 
takes place, the residential population 
of the area, and the atmospheric con- 
ditions prevailing in the region. It 
would indeed be a great day for the 
Air Pollution Control Association if 
all potential contamination could be 
readily controlled and eliminated at 
the source. While progress has been 
made in this direction, there are still 
many industrial processes where con- 
trol may prove ineffective or too cost- 
ly, or where public disapproval has 
not been voiced strongly enough to 
justify these preventative measures. 
We must not blame industry alone for 
this plight, however, since the rapid 
growth of population in our crowded 
communities has in itself augmented 
atmospheric pollution. 

From the standpoint of the air-con- 
ditioning engineer, it is not his pri- 
mary concern to evaluate the methods 
used to control industrial contamina- 
tion at the source, except possibly 
where the source and the air-condi- 
tioned space are in the same building. 
He is concerned, however, with the 
problem of removing from our air- 
conditioned buildings the outdoor pol- 
lution that has entered either through 
infiltration or through the use of out- 
door make-up air in the air-condition- 
ing system. Before the engineer can 
hope to cope with this problem, a 
knowledge of the offending contami- 
nant must be realized. 

* Presented at the 50th Annual Meeting of 


the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 
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Cleveland, Ohio 
ELMER R. KAISER 


Research Division, New York University 
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List of Contaminants from 


City Bureaus 


For the past several years, the Air 
Pollution Control Association has 
been furnishing the American Society 
of Heating and Air Conditioning En- 
gineers’ Research Laboratory with 
lists of odorants and contaminants 
most frequently reported by city bu- 
reaus. A tabulation of these data has 
been prepared and is shown in Table 
I. The odorants have been divided 
into the various categories as shown, 
and only the 3 most frequently re- 
ported odorants in each category are 
tabulated, except in the General In- 
dustrial Odors where the 6 most fre- 
quently reported odorants are listed. 


Under Animal Odors, the meat- 
packing and rendering-plant odors 
were the most frequently reported. 
Fish oil odors, including those from 
the smoking process, ranked second; 
and poultry-processes and poultry- 
ranch odors were ranked in third 
place. 


In the second category (Odors 
from Combustion Processes), gaso- 
line and diesel-engine exhaust odors 
were reported most frequently. Coke- 
oven and coal-gas odors, probably 
from steel mill operation, ranked sec- 
ond; and fuel-oil odors from malad- 
justed heating systems ranked third. 


In the other categories, coffee- 


roasting odors, paint, lacquer and var- 
nish odors, hydrogen sulfide, odors 
of burning rubber from smelting and 
debonding, foundry core-oven odors, 
odors from home incinerators and 
backyard trash fires, mercaptans from 
refineries, odors of putrefication and 
oxidation from organic wastes, and 
odors from city sewers carrying in- 
dustrial waste were reported the most 
frequently ‘in their respective groups. 


Of all the odors listed, the meat- 
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packing and rendering-plant odors 
were the most frequently reported. 
Automotive exhaust odors ranked sec- 
ond, and coffee-roasting odors, paint, 
lacquer, and varnish odors, and coke- 
oven and coal-gas odors tied for third 
place. The odors themselves prob- 
ably consist of complex compounds 
of hydrocarbons, nitrides, acroleins, 
aldehydes, and alcohols. 


Some of the odor classes in Table 
I could possibly be combined. For 
example, the decomposition and pu- 
trefication of organic wastes are prob- 
ably associated with the meat-proc- 
essing or fertilizer plants and could 
therefore be tabulated under these 
categories. 


Although a tabulation of these 
odors shows which are encountered 
most frequently, more data (as enu- 
merated at the beginning of the pa- 
per) are certainly needed to indicate 
the degree to which each is responsi- 
ble for contamination and air pollu- 
tion in our urban areas. 


Methods of Odor Control 


Earlier, it was pointed out that the 
air-conditioning engineer is  con- 
cerned with outdoor odors that enter 
buildings through infiltration and 
through the use of outdoor make-up 
air. As time passes, however, build- 
ings will be built, so to speak, tighter 
and tighter; and as indoor odors will 
ultimately be controlled and removed 
from the air-conditioning system, the 
use of outdoor make-up air will be re- 
duced. During many periods of the 
year, the recirculation of indoor air 
is, of course, a necessity for the most 
economy in operation. The goal, 
where negligible infiltration occurs, is 
far from being reached however so 
that outdoor contamination is the con- 
cern of the air-conditioning engineer. 
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Just how do we go about control- 
ling and removing these unwanted 
odors? In any air-conditioning sys- 
tem, it would be economical to use 
one unit for the removal of both in- 
door air-conditioning odors and the 
odors in outdoor make-up air. Under 
some conditions, this may not be pos- 
sible, however. One of the most com- 
mon methods of removing odorous 
vapors is by passing the air stream 
through a bed of activated carbon. 
The carbon of course has a great af- 
finity for gas and vapors and can ad- 
sorb up to % to \% of its weight. 
Several commercial activated-carbon 
units are now available on the mar- 
ket. The operating life of any unit 
would depend on the character and 
concentration of the odorant vapor 
being adsorbed, and time of exposure. 
When the carbon is no longer able to 
adsorb additional malodor, it must 
either be replaced or reactivated. For 
best results, the carbon filters should 
be used in conjunction with mechani- 
cal filters and/or electrostatic precipi- 
tators. The latter will remove fine 
particulate matter on which odorous 
vapors may be adsorbed, but will not 
in itself remove vapors or gases. 

Air washers are commonly used in 
air-conditioning systems and many 
water-soluble odors are removed in 
the process. Likewise, in the dehu- 
midification process of cooling-coils, 
water-soluble odors are removed 
along with the condensate. As one 
theater manager put it, one can al- 
ways tell how exciting the motion pic- 
ture of the previous night was by 
smelling the body odor laden conden- 
sate on the cooling coils the next 
morning. 

Where outdoor make-up air con- 
tains considerable dust, electrostatic 
precipitators, dry air filters and vis- 
cous filters have been employed for 
the removal of contaminants. 

Ozone has been employed as a de- 
odorizing agent and is being used in 
the control of odors produced by in- 
dustrial processes. To some extent, 
ozone has been used in air-condi- 
tioned spaces, but as yet, its claim of 
destroying odors by oxidation needs 
further investigation, since the action 
of ozone is not fully understood. Sec- 
ondary effects such as the fatigue of 
the olfactory senses and the presence 
of nitrogen and hydrogen compounds 
formed in ozone production add to 
the problem. 

Odor masking has been used in re- 
ducing the obnoxiousness of odors 
generated in industrial or chemical 
processes. Masking agents have not 
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TABLE | 


List of Odors Most Frequently Reported by City Bureaus 


Source of odor 


No. of times 
reported 


I — Animal Odors 
1. Meat packing and rendering plants 
2. Fish-oil odors from manufacturing plants 
3. Poultry ranches and processing 


II — Odors from Combustion Processesffl 
1. Gasoline and diesel engine exhaust 
2. Coke-oven and coal-gas odors (steel mills) 
3. Maladjusted heating systems 


III — Odors from Food Processes 
. Coffee roasting 


1 
2. Restaurant odors 
3. Bakeries 


IV — Paint and Related Industries 
. Mfr. of paint, lacquer, and varnish 
. Paint spraying 
. Commercial solvents 
V — General Chemical Odors 
1. Hydrogen Sulfide 
. Sulphur Dioxide 


. Ammonia 


VI — General Industrial Odors 
. Burning rubber from smelting & debonding 
. Odors from dry-cleaning shops 
. Fertilizer plants 
Asphalt odors — roofing and street paving 
. Asphalt odors — manufacturing 
. Plastic manufacturing 


VII — Foundry Odors 
. Core-oven odors 
. Heat treating, oil quenching, and pickling 
. Smelting 

VIII — Odors from Combustible Waste 
. Home incinerators and backyard trash fires 
. City incinerators burning garbage 
pen-dump 

IX — Refinery Odors 

1. Mercaptans 
2. Crude oil and gasoline odors 
3. Sulphur 


one AU wn 


X — Odors from Decompoiition of Waste 
1. Putrefication and oxidation — organic acids 
2. Organic nitrogen compounds — decomposition of protein 


-_ 
were who woos 


wen 


Noe 


Noe 


bove odors are probably related to 
meat processing plants 
3. Decomposition of lignite (plant cells) 
XI — Sewage Odors 


1. City sewers carrying industrial waste 
2. Sewage treatment plants 


been employed to any great extent in 
central air-conditioning systems, al- 
though some have been used as odor 
counteractants in individual rooms. 
The effect caused by the masking 
agent is that of overshadowing the 
unwanted odor, or decreasing the 
sensitivity of the olfactory receptors, 
or of canceling the obnoxious odor. 

The elimination of odors by cataly- 
tic combustion is perhaps the only 
method that actually destroys an 
odor. While the method has been 
employed in the control of industrial 


pollution at the generating source, it 
does not have any practical applica- 
tion to comfort air-conditioning sys- 
tems. 


With this brief description of the 
possible methods used for odor con- 
trol, it should be pointed out that 
there is still a great need for further 
information regarding the perform- 
ance, applicability, and limitations of 
these methods. It is only through 
further research that basic and funda- 
mental answers to odor-control prob- 
lems can be obtained. 
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BOTTLES IN SERIES 


The Findings of the Odor-Research 


Programs 


What has the American Society of 
Heating and Air-Conditioning Engi- 
neers been doing to stimulate basic 
odor research? Besides the program 
being conducted at the Society Lab- 
oratory, papers and reports on the 
odor problems related to air condi- 
tioning are encouraged. 


Effect of Temperature and Humidity 
on Odor Perception 


The first phase of the program at 
the Laboratory has established the ef- 
fect of temperature and humidity on 
odor perception). Experiments were 
conducted in two rooms which were 
equipped with complete and separate 
air-conditioning systems for adjust- 
ing the temperature and humidity 
over a wide range. Pure-vapor odor- 
ants. were introduced into the room 
supply ducts, and the physical con- 
centration of the odorant within the 
test rooms was maintained at a con- 
stant value for each temperature and 
humidity condition studied. 


Odor Introduction Apparatus 


The apparatus used for the intro- 
duction of pure odorous vapors con- 
sisted of 2 gas-washing bottles in se- 
ries through which nitrogen was bub- 
bled (Fig. 1). Nitrogen was used in 
place of air since it was less likely to 
react chemically with the odorant. 
The nitrogen was passed through beds 
of silica gel and activated carbon to 
remove inherent moisture and odor 
before it was metered by a rotameter 
into the bubblers. 

The nitrogen leaving the second 
bottle was saturated with vapor and 
entered the air-supply duct via a tube, 
heated with a resistance tape to pre- 
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valeric acid. 


vent condensation. The apparatus was 
constructed of glass, and ground 
joints were used (after the bed of ac- 
tivated carbon) to prevent contami- 
nation. The gas-washing bottles were 
surrounded by a controlled tempera- 
ture water bath. The concentration 
of odorant was calculated from its 
vapor-pressure properties, the amount 
of nitrogen bubbled through the 
washers, and the quantity of air sup- 
plied to the test room. The concen- 
tration was checked by adsorbing the 
odorant on activated carbon and 
measuring the increase in weight. 

The odor-perception level in the 
test rooms for each condition was 
judged by a panel of 6 persons who 
entered the rooms and evaluated the 
perception level by using the intensity 
scele shown in Table II. The use of 
these scales is convenient since the 
word description of the odor level is 
identified by a numerical value which 
can be treated statistically. In this 
scale, a score of 1 was used when the 
panel member could just identify the 
quality of the odor. An intensity 
level between threshold and definite 
was scored 114, and so on. 


Perception Trends 


The results of the evaluations by 
the panel members for one of the 
three pure vapors studied is shown in 
Fig. 2, which is a plot of the mean 


TABLE II 
Sensory Scale for Evaluating Intensity Levels 
Degree of 
odor 

intensity Description 

0 Odorless 

1 Threshold 

2 Definite 

3 Strong 

4 Overpowering 
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enh Fig. 1. Schematic drawing of odor introduction apparatus 
Pure Vapors). (Above) Fig. 2. Odor perception trends for Iso- 


scores on the psychrometric chart. In 
this case, the odorant was iso-valeric 
acid maintained at a constant physi- 
cal concentration of 0.0000068 o0z./ 
1000 ft. Each area bounded by the 
heavy lines represents a constant per- 
ception level. Examination of Fig. 
2 indicates that an increase in hu- 
midity at constant dry-bulb tempera- 
ture tends to lower the perception lev- 
el of the odor having a constant physi- 
cal concentration. In the case of iso- 
valeric acid, this effect appears more 
pronounced at higher temperatures. 
Likewise, an increase in temperature 
at constant specific humidity lowered 
the perception level slightly, except at 
higher humidities where a slight re- 
versal appears. 


Similar evaluations were made on 
cigarette smoke, and the results are 
shown in Fig. 3. In this case a slight- 
ly different word description was used 
which seemed more applicable to to- 
bacco smoke. The concentration of 
cigarette smoke was maintained con- 
stant by using 46 cfm. of supply air/ 
cigarette with a fixed burning rate of 
7.8 min./in. Here again evaluations 
of odor intensity made over a wide 
range of conditions indicate that an 
increase in humidity at constant dry- 
bulb temperature tends to lower the 
perception level of cigarette smoke. 
Also, an increase in temperature at 
constant specific humidity tends to 
lower the perception level slightly. 


What do these areas of perception 
level signify? Referring to Fig. 4, 
it was found that under a fixed con- 
dition of temperature and humidity 
it was necessary to increase the physi- 
cal concentration of the pure-vapor 
odorant tenfold in order to raise the 
perception level 1 point, and a one- 
hundred fold increase was necessary 
in order to raise the intensity level 2 
points. Therefore, in Fig. 2, any in- 
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crease in humidity that lowers the 
perception level 1 point has the same 
effect as lowering the concentration 
by 90%. 

It certainly would be ideal from 
the standpoint of lowering the odor- 
perception levels if all we had to do 
were to increase the humidity of our 
environments. However, the prob- 
lem is not so simple. For one thing, 
one has to consider the comfort of the 
persons in the environment. The 
problem is further complicated by 
some of the findings of Dr. R. L. 
Kuehner. Although Dr. Kuehner‘?? 
has verified our conclusion that the 
perception level decreases with an in- 
crease in humidity, he has shown that 
under humid conditions some sub- 
stances (linoleum, for example) will 
actually liberate more odorant. All 
of us have experienced the effect of 
getting on a crowded bus on a warm 
rainy day. The odor from the damp 
clothing is quite noticeable, result- 
ing from an actual increased rate of 
odorant production. It would appear 
then that nature has been wise in giv- 
ing our olfactory ‘senses a built-in 
safety factor by lowering our percep- 
tion acuteness under humid condi- 
tions when the rate of odorant pro- 
duction is increased. 
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Fig. 5. Adaptation to pure-vapor odors. 
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Exposure to odors over a period of 
time can cause a decrease in percep- 
tion level. What actually happens is 
that the odor receptors in the nasal 
passages become fatigued. We can 
probably recall the experience of en- 
tering an occupied room that was no- 
ticeably stuffy with body odor, and 
then after a period of time, realizing 
that the perception level had de- 
creased. For this reason, an individ- 
ual is not aware of his own breath or 
body odor simply because he has be- 
come adapted to it. 


To illustrate the effect of odor 
adaptation, the panel members were 
exposed to a constant physical con- 
centration of odorant for a given pe- 
riod of time. The member entered 
the test room and sniffed immediately 
for an initial impression. Breathing 
normally through the nose, judgments 
were made every 15 sec. for the first 
minute and every minute thereafter 
for a maximum of 6 min. 


Fig. 5 gives the results for a num- 
ber of pure vapors. Each point rep- 
resents the mean score of 6 to 8 
judges. The concentration was ad- 
justed to give initial readings be- 
tween 2 (definite) and 3 (strong). In 
all of the tests, adaptation was great- 
est during the first stages of exposure. 
The curves for iso-valeric acid and n- 
butyric acid are nearly the same 
shape (although displaced), indicat- 
ing an identical adaptation rate. In 
all of the tests, the conditions were 


maintained at 78°F. dry-bulb and 


26% RH. 


Tobacco smoke is one of the major 
odorants that one encounters in air- 
conditioned spaces. While one can 
become adapted to the odor of to- 
bacco smoke, the irritation to the 
eyes, nose, or throat generally in- 
creases with time of exposure. The 
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Odor Adaptation results of evaluations made by panel 


members exposed to cigarette smoke 
over a given period time are shown 
in Fig. 6. Here we find that the ini- 
tial impression is to rate the odor 
level high and the irritation level low. 
With time of exposure, however, the 
odor-perception level decreases while 
the irritation level rises. Again we 
find that at higher humidities (above 
50%) the levels are lower than at 
lower humidities (below 35%). 


Besides the problem of removing 
common odors in occupied spaces, 
another serious problem arises. Sur- 
faces have a tendency to adsorb 
odors (especially when cool) and re- 
liberate them when warm. For com- 
plex odors such as cooking, body, and 
tobacco odors, the most obnoxious 
components appear to be the ones 
most readily adsorbed. The adsorp- 
tion on the surfaces of the cooling 
coils and the duct work of the air- 
conditioning system is in itself an 
odor source when unloading occurs. 
Mr. A. B. Hubbard and his co-work- 
ers have investigated a number of 
materials and coated surfaces used in 
coil construction.‘*) The materials 
were subjected to controlled-gener- 
ated odors and were then evaluated by 
panel members for their pickup and 
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Fig. 6. Adaptation to cigarette-smoke odor, 
and irritation caused by cigarette smoke 
generated in room. 
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purging-rate characteristics. The best 
materials were those which exhibited 
little pickup and then purged or re- 
liberated the adsorbed odors rapidly. 
Aluminum was found to be one of 
the best materials, while bare copper 
exhibited the poorest qualities. 

At the present time, the odor-re- 
search program is continuing at the 
ASHAE Laboratory where the odor 
adsorption and desorption qualities 
of fabrics and building-material sur- 
faces are being evaluated. In this 
siudy, a bottle technique is being used 
for odor evaluation. Samples are 
loaded with odorant and placed in 
bottles after specified periods of air- 
ing. Human subjects then evaluate 
tre odor levels in a set of bottles (one 
st for each airing time) containing 
varying sample sizes until a threshold 
kvel is reached, This level is fixed 
ly the ratio of bottle volume to sam- 
ple area. This gives a definite tangi- 
tle number that can serve as an in- 


dex to predict the degree of odor level 
in rooms and occupied spaces where 
the wall surfaces, draperies, or rugs 
are exposed to odorants. A plot of 


this 


V 
A Tatio versus the airing 
time for various materials will show 
the ones that unload the most rapidly 
and the ones that adsorb the most 
odorant (zero airing time). 

A representative range of fabric 
surfaces including cotton, wool, and 
synthetics will be studied. While pure 
vapors will first be used, the ultimate 
aim of the program is to investigate 
the effect of common air-conditioning 
odors such as tobacco smoke. After 
fabric surfaces are investigated, at- 
tention will be turned to painted and 
other types of building-material sur- 
faces. In the present study, a fixed 
condition of temperature (75°F. dry 
bulb) and humidity (50% RH) is be- 
ing used for loading, airing, and eval- 
uation of the sample. A future phase 


of the program (probably in 1958) 
will be to determine the effect of tem- 
perature and humidity upon adsorp- 
tion and desorption characteristics. 

One can see that the odor-control 
problem in air-conditioned spaces has 
many facets, as does the control of 
outdoor air pollution. It is only 
through the cooperation of research 
and industry and perhaps the longing 
to breathe the pure air which nature 
has given us, that progress can be 
made toward clean and odor-free en- 
vironments. 
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A Progress Report on Controlling Atmospheric 


A review of the air pollution con- 
trol activities in 1957 shows an im- 
pressive record of six million dollars 
expended in research, over 200 gov- 
ernmental agencies assigned to some 
measure of responsibility for clean 
air in their communities, and annual 
sales in control equipment and engi- 
neering services well in excess of one 
hundred million dollars. 

On this Fiftieth Anniversary of the 
Air Pollution Control Association, the 
impression is clear that present day 
interest in this subject can be found, 
to some degree, in every community 
and industry in the nation. It is not 
easy to find the forces which have 
created this relatively new activity. 
Certainly, it can be shown that in 
the past 50 years, our population has 
doubled and this, in itself, represents 
a significant factor in the many pres- 
sures which have created the demand 
of today. The production of electri- 
cal energy is an index of fuel require- 
ments and of our industrial growth. 
Since 1930, coal consumption for 
power is up more than 250%, fuel 
oil more than 700%, and gas burn- 
ing, 800%. Thus, the requirements 
for new products to supply our in- 
creased population and the techno- 
logical changes which have led to a 
higher standard of living constitute 
fundamental pressures to create air 
pollution problems. 

It is doubtful, however, if these fac- 
tors in themselves would have brought 
us to this point today without the 
Donora episode in 1948, the London 
disaster in 1952, and the effect that 
the Los Angeles smog problem has 
had on this subject since 1948. Prior 
to these events, no general interest in 
total air pollution control existed. Ef- 
forts, traditionally, had been directed 
against smoke from coal burning op- 
erations. Local nuisances near smel- 


* Presented at the 50th Annual Meeting of 
the Air Pollution Control Association, 
held at St. Louis, Mo., June 2-6, 1957. 
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ters and cement plants occurred in 
several instances, but these served 
only to generate local interest on the 
part of the community, and some ef- 
fort at control measures on the part 
of the industry involved. It is from 
these local incidents, however, that 
today’s control measures find their 
origin. 
Sulfur Dioxide 


Pioneering work on sulfur dioxide, 
by the American Smelting and Refin- 
ing Company, was undertaken, to re- 
duce ground concentrations, in the 
early part of the 20th century. The 
data accumulated from these studies 
is largely responsible for the support 
now given to the building of tall 
stacks to avoid damage to forage and 
other crops and thus, obviate severe 
economical losses to farming areas in 
the vicinity of sulfur dioxide produc- 
ing installations. Early examples of 
the success of this approach are to be 
found at smelters in Utah, California, 
Washington, and Texas. 

The economical recovery of valu- 
able sulfur compounds, from sulfur 
dioxide emissions, has been of great 
interest to industry and researchers 
for many years. The huge tonnages 
of this contaminant which reach the 
air from the combustion of fuels con- 
taining sulfur and from the process- 
ing of sulfur bearing ores may ulti- 
mately justify expensive recovery 
processes to augment the great de- 
mand for sulfur. The most recent 
development of economic importance 
in this field is the recovery of sulfur 
from refinery gases. Wherever sul- 
fur bearing crudes were being proc- 
essed, prior to 1950, the hydrogen 
sulfide remained in the refinery 
make gas and was burned in the boil- 
er or flares of the refinery. At the 
present time, more than 2000 tons/ 
day of sulfur dioxide are prevented 
from reaching the atmosphere and 
the recovered 1000 tons/day of sul- 
fur are returned to the acid plants 


near refineries for sulfuric acid pro- 
duction. This process converts the 
hydrogen sulfide removed from the 
refinery gases to sulfur, by the con 
trolled combustion of air, in which 
¥% of the HS is burned to form SOx. 
which reacts with the remaining % 
HS to form sulfur and water vapor. 

Some years ago extensive damage 
resulted from sulfur dioxide from a 
smelter in Trail, B. C. Here, the am- 
monia sulfite bi-sulfite process was 
found to be economically successful, 
with stack concentrations of sulfur 
dioxide above .8%. Also, control 
measures at this installation present 
an early example of curtailing opera- 
tions to prevent damage or nuisances. 
In this case, sampling equipment and 
weather stations provided the data for 
predicting when the plant should re- 
duce operations to avoid damage over 
a wide area of farm land. 

A number of other processes, too 
numerous to mention, have been stud- 
ied and, in some cases, economically 
employed on sulfur dioxide concen- 
trations above 1% in the stack. 
Studies are continuing to find new 
processes for improving existing 
methods which will be applicable to 
a large number of industrial proc- 
esses which have stack concentrations 
of the above order. However, the 
largest total tonnage of sulfur di- 
oxide is emitted from the burning of 
fuels containing sulfur, both by in- 
dustry and in the homes. In these 
cases the concentration of sulfur di- 
oxide is far below 1%. 

Reduction of sulfur gas emissions 
from these sources cannot be eco- 
nomically justified today, by any 
known process. A full scale test in- 
stallation is under way in England. 
This process, known as the Fulham- 
Simon-Carves has been under study 
with the Fuel Research Station and 
employs a scrubbing of flue gas with 
concentrated solutions of ammonium 
salts. Ammonium sulfate and sulfur 
are produced by adding a small 
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amount of sulfuric acid to the scrub- 
bing liquor and heating the mixture 
under pressure. An earlier effort was 
made, in 1929 at the Battersea Power 
Station in London, to solve this prob- 
lem by scrubbing the gases with 
water. Tremendous quantities of 
water are required, obviously dictat- 
ing a location near an abundant 
source of water. This experiment re- 
sulted in an increased cost of 15% 
ca the coal burned. While there ap- 

ears to be no widespread demand 
for the reduction of sulfur dioxide 
from fuel sources today and inexpen- 
s ve processes are not available, give 
is under way will, undoubtedly, give 
control officials the tools to do the 
job in the future, if the pressures of 
concentrating industry continue to 
build up sulfur dioxide concentra- 
t ons in the atmosphere. 


Dust and Fumes 


The interest in recovering valuable 
riaterials which were lost in many 
cust producing operations stimulated 
tne development of electrical precipi- 
tation, cyclone collectors, and bag fil- 
ters. While the value of materials re- 
covered in earth processing industries 
ind smelters seldom represented a 
large financial return, many indus- 
tries utilizing the above collectors 
could economically justify their in- 
stallation, Most of the engineering 
studies on this subject were carried 
on by the industries themselves and, 
except in the case of the supplying of 
electrical precipitators, relatively few 
engineering services or equipment 
manufacturers were available to in- 
dustry outside of their own organiza- 
tions. Also, during this period of de- 
velopment, the pressures to clean up 
the atmosphere were centered on 
smoke from coal burning _installa- 
tions. As this effort made headway, 
demands arose for the collection of 
fly ash from coal fired power plants. 
This program greatly enlarged the 
number of engineering applications 
for dust collectors and, until very re- 
cently, represented the first type of 
installations, or dust collection, which 
could not be economically justified. 

Since construction of these expen- 
sive dust collectors had been geared 
to paying themselves off in a reason- 
able time, attempts to apply this 
equipment strictly to air pollution 
dust and metallurgical fume prob- 
lems did not meet with any amount 
of success until the stringent require- 
ments in Los Angeles for the control 
of dusts and fumes were established. 

When this occurred in 1949, it be- 
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came necessary for industry to take 
the techniques established for eco- 
nomic recovery and apply them to 


processes, regardless of the pay off. 
After considerable experimentation 
with cyclonic collectors, wet scrub- 
bers, bag filters, and electrical pre- 
cipitators, it was found that virtually 
all dust producing processes and 
metallurgical processes could control 
their stack effluents above 85% effi- 
ciency in terms of weight. 

A large number of stack analyses 
on all processes were conducted to 
determine a rough distribution of the 
particle sizes emitted to the atmos- 
phere. Because of the nature 
of the Los Angeles smog _prob- 
lem, it was essential to institute con- 
trols which would reduce the emis- 
sion of particles below 5 » in diam. 
Most of the metallurgical processes 
were found to have a large percent- 
ago of their stack dscharges in the 
smaller particle size ranges. Dust 
producing activities, on the other 
hand, generally emit a preponderance 
of larger particles. As each category 
of industry studied its problem and 
recognized the need for stringent re- 
quirements, suitable equipment was 
installed. It was indeed fortunate 
that the early work done with vari- 
ous types of collectors could be use- 
fully employed to meet this new strin- 
gent requirement. Numerous ex- 
amples exist today where metallurgi- 
cal fume on open hearth furnaces, 
electrical furnaces, gray iron foun- 
dries, and non-ferrous foundries are 
collecting well above 85% of their 
total discharge with properly engi- 
neered bag filters or precipitators 
and, in so doing, remove a high per- 
centage of the number of particles be- 
low 5 ». In the cement industry and 
other earth processing industries cy- 
clonic collectors and wet scrubbers of 
a variety of types are successfully op- 
erated to recover the larger sized ma- 
terials inherent in these operations. 

In connection with establishing the 
legal justification for correcting prob- 
lems of this type for the air pollu- 
tion necessity, rather than for eco- 
nomic reasons, it is interesting to 


note that, in the early*part-of this 


century, public indignation in areas 
near cement plants resulted in legal 
actions and court decisions which es- 
tablished firmly the right of govern- 
ment to regulate air contaminants ‘of 
this type. A test of this right was 
made when a stringent dust and 
fume regulation was applied in Los 
Angeles. The ability of industry and 
equipment manufacturers to do this 


job was well illustrated in Los An- 
geles by virtue of the fact that in- 
dustry found that the high require- 
ments for dust and fume collection 
could be met. While it may be ar- 
gued that the capital investment for 
the equipment was high, in terms of 
the benefit, investments for the equip- 
ment and subsequent maintenance 
cost have not affected the competitive 
position of companies in the Los 
Angeles area, or prevented industry 
from establishing new facilities be- 
cause of these high costs. 

At the present time a number of 
companies in the United States are 
building, or planning to install, high 
efficiency collectors for metallurgical 
fumes. In several industries where 
new plants are being established, col- 
lection devices become an integral 
part of the new plant. The following 
tables classify the various types of 
collectors in relation to the processes 
and their emissions. They also show 
the great number of systems to be 
considered and some of the advan- 
tages and disadvantages of each col- 
lector. To a large extent, most of 
these installations are custom engi- 
neered and built on the site. The 
costs cover a broad range. 

All of these factors indicate need 
for thorough engineering studies and 
fixing of the responsibility for doing 
a satisfactory air pollution control 
job in the high echelons of manage- 
ment in industry. 


Fluorides 


Aluminum plants, phosphate fer- 
tilizer plants, and a number of other 
operations emit small amounts of 
fluorine compounds to the atmos- 
phere. Without attempting to enu- 
merate the several serious incidents 
which have occurred, it is well known 
that following the establishment of 
several plants in certain areas, many 
law suits for damage to cattle and 
forage were brought against the of- 
fending companies. 

Extensive research revealed the 


- fact that cattle fed on forage sub- 


jected to fluoride contamination are 
seriously affected. As is the case in 
the field of sulfur dioxide emissions, 
the companies involved spent large 
sums studying causes and effects on 
animals. It was found that vegeta- 
tion can accumulate fluorides in vari- 
ous forms in the leaves and roots. 
When this accumulation is passed to 
the animal a similar build-up results 
in the system. The normal processes 
in the plant and animal neither ex- 
pel the material, nor build up suffi- 
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cient resistance to overcome tissue 
damage in plants or animals. 
Extensive studies are still continu- 
ing in this field today. Engineering 
applications to remove fluorides are 
relatively new and have been made 
by the aluminum industry and others 
closely concerned with this problem. 
Hydrogen fluoride is the most com- 
mon form found in the emission and, 
due to its affinity for water, it can be 
removed by scrubbing processes. 
Fluorides may exist in both the par- 
ticulate phase and in the gas phase. 
In stacks where a high degree of 
elimination is required, the control 
equipment requires 2 different engi- 
neering processes for the 2 forms of 
fluorides. Several processes have 
been used in recent years to combat 
this growing problem. These include 


water spray towers, absorption in so- 
dium hydroxide, and the use of lime- 
stone or other compounds in porous 
beds. 

A serious complication in this en- 
tire field is the matter of evaluating 
the result, Chemical measurements 
are difficult to perform and, since 
vegetation is capable of accumulating 
the fluorides from the air and from 
the soil, even small emissions may be 
accumulated to the point of causing 
damage. In spite of the lack of 
standardization of chemical tech- 
niques, valuable information can be 
obtained around centers of fluorine 
production by continuous studies of 
the fluorine in the vegetation. This 
approach, perhaps, offers the safest 
means for evaluating the proficiency 
of the control equipment. 


Hydrocarbons 


Our present generation has ob. 
served the great increase in the use 
of petroleum products and the bene- 
fits to mankind which have resulted 
from the mass use of automobiles, 
buses and trucks. While our atten- 
tion was focused on our great and 
expanding economy, on two major 
wars and a serious depression, the 
wide-spread use of gasoline was grad- 
ually building an air pollution prob- 
lem which first came to the attention 
of scientists and engineers interested 
in this field as a result of the Los 
Angeles smog problem. In 1951, the 
author reported to the Air Pollution 
Control Association the findings in 
Los Angeles, which pointed out for 
the first time that gasoline vapors are 


TABLE | 


Collection Equipment — Solid and Liquid Aerosols. 


Dust characteristics % Initial 
Type T Particle | Pressure Disadvantages Efficiency cost 
ype size,u | Sp.gr. drop,in.H;O Advantages (wt. basis)| $/c.f.m. 
Centrifugal Collectors 
Simple cyclone Wood dust 50-1,000| 0.4-0.7 0.5-2.0 Simple in con- Low efficiency 70-90 0.55-0.90 
Grain dust 10-200 | 0.9-1.1 struction 60-80 
Mineral dust 10-500 | 2.0-3.0 70-90 
Pulverized 10-500 | 1.5-3.0 70-90 
chemicals 
High-efficiency Catalyst dust 2-80 1.5-3.5  2.0-6.0 Relatively high Subject to abrasion 65-80 
cyclone Fly ash 0.1-100 | 0.4-1.5 efficiency damage 50-70 0.75-1.10 
Other fine dust 5-200 | 1.0-3.0 85-98 
Impeller Foundry dust 10-300 | 2.5-4.0 Acts as Low space require- |Impeller abrasion 70-90 0.75-1.10 
own fan ment causing unbalance 
Electrostatic Precipitators 
Single-stage Gray iron 0.5-50 3-6 0.2505 High efficiency High initial cost, oper- | 90-97 1.50-5.00 
Cupola fume under severe ating difficulties 
Electric steel 0.1-20 5-7 conditions 90-97 
Furnace fume 
Open hearth steel* | 0.1-3 5-7 96-99 
Furnace fume 
Catalyst dust 2-80 sy 85-98 
Two-stage Oil mist 10-400 ~1 0.25-0.5 High efficiency for |Limited in use 85-99 0.90-1.50 
Air conditioning 0.2-10 = — low dust loading, 95-99 
safe in operation 
Cloth Filters 
Tubular Metallurgical fume 0.5-6.0 High efficiency over|Caking from moisture 0.80-2.50 
Nonferrous 0.03-1.0 ~5 wide particle size 98-99.5 
Ferrous 0.10-50.0 3-6 range 97-99.5 
Screen or frame Ceramic dusts 1-50 1-3 0.5-4.0 Somewhat self- Higher stresses on 95-99.0 | 0.80-2.50 
Metallurgical fume | 0.1-50 3-6 cleaning filter mediums 94-97 
Reverse flow Same as screen 0.5-3.0 Higher dust load- -- _ 1.00-2.50 
(standard cloths)| type shown above ings possible — = 
Reverse jet (felt {Carbon black 0.1-10 15 1.06.0 High filter ratios (Bag wear 99.5 1.00-2.00 
mediums) Flour dust 5-100 0.9 possible 99.9 
Wet Collectors 
Spray chamber Rock dust 40-500 2-3 0.5-1.0 Low pressure drop |High nozzle pressure 60-75 0.35-1.50 
Asphalt mist 10-400 ~l required for good 70-80 
Acid mist 20-500 | 1.1-1.3 collection 70-90 
Inertial Al and Mg 50-1,000 | 1.7-28  2.0-4.0 No nozzle Higher pressure drop 80-95 0.50-1.50 
Grinding dust maintenance 
Foundry dust 10-300 | 2.5-4, 70-90 
Centrifugal spray |Rock and sand 20-500 2-3 1.0-4.0 Combined scrub- [Abrasion 75-95 0.50-1.50 
ust bing and cen- 
Acid and 20-500 | 1.1-1.3 trifugal action 
caustic mist 75-95 
Venturi Scrubber [Sulfuric acid 2-10 ~15 10.0-15.0 High efficiency, High power 85-95 1.50-5.00 
Mist from low water rate consumption 
concentrator 
ical fume 0.1-50 1.5-3.5 60-85 
*Cold metal furnaces. 
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potential air pollutants. The work 
done in 1950 and 1951, together with 
the subsequent reports, clearly dem- 
onstrated that certain types of hydro- 
carbons were capable of oxidizing in 
the atmosphere to produce a variety 


of effects. Under some conditions, 
the photo-chemical reaction which 
takes place between readily oxidized 
hydrocarbons and oxides of nitrogen 
in sunlight will produce an eye irri- 
tation, a typical type of damage to 
leafy vegetables, create haze and form 
ozone. By 1953 the sources of hy- 
crocarbons in the Los Angeles area 
had been reported, including the 
emount of hydrocarbons from ve- 
bicular traffic. The final conclusive 
reports, showing the distribution of 
gases in the Los Angeles atmosphere, 
clearly showed the role played by 
traffic in producing a localized con- 
centration of hydrocarbons when ad- 
verse weather conditions prevailed 
simultaneously with the traffic peak. 
“he conclusion that auto exhaust 
raust be controlled in Los Angeles 
was inescapable. 

For several years a parallel inter- 
est has been expressed on the subject 
of automobile exhausts in Paris and 
London. Air pollution control offi- 
cials in several U. S. cities have re- 
ported occasional incidents of eye ir- 
ritation under unusual weather con- 
ditions. Also public complaints 
against the odors from buses and 
diesel trucks appeared in the news- 
papers of many cities. 

Other types of hydrocarbons may 
be found in rendering plants, chemi- 
cal plants, enamelling ovens, and a 
variety of other operations. The ac- 
companying table shows the various 
types of control processes which may 
be applied for collection or destruc- 
tion of organic vapors. Vapor re- 
covery or adsorption systems are 
usually employed where the quanti- 
ties of materials recovered are suffi- 
cient to pay for the control equip- 
ment.. Incineration or combustion 
with oxidation catalysts methods are 
used where the quantities are small 
but represent important pollution 
sources, 

Some authors include in the hy- 
drocarbon category all types of odors 
and, in some cases, effluents from 
rubbish burning incinerators. A 
number of approaches are available 
for the control of odors, including in- 
cineration, oxidation catalysts, and 
absorption. The reduction of the 
contaminants from incineration is 
best accomplished by appropriate de- 
sign of the equipment, which funda- 


of APCA 


mentally includes proper distribution 
of air, reduction of burning rate and, 
perhaps, a water scrubbing system 
for the elimination of the larger par- 
ticles. The many details that are in- 
volved in the elimination of odors 
and the design of the incinerators 
cannot be included in this paper. 
Many groups are continuing to study 
the basic factors which will improve 
the design of incinerators. The in- 
troduction of oxidation catalysts, 
which are capable of burning diluted 
concentrations of organic vapors 
without flame, has been an important 


new contribution to the engineering 
field in the past few years. Because 
of the difficulty of obtaining identi- 
ficdtion and quantitative measure- 
ments, the problem of eliminating 
odors continues to represent the most 
difficult field in the control of con- 
taminants. 


Engineering Principles 
Perhaps the greatest amount of 
progress has been made in applying 
many of the basic sciences to the air 


pollution field, in order to develop a 
better understanding for applying 


TABLE II 


Classification of Control Devices for Gases and Vapors. 


Control method Contaminants Sources Remarks 
Absorbers (scrub- 
bers) 

Packed towers |Malodors Rendering plants, chemi- |Absorption solution: oxi- 

cal plants, etc. dizing agents. 

Plate towers Hydrocarbons Oil refineries Absorption solution: ab- 
sorption oil. (Oil is 
stripped recircu- 
lated.) 

Spray towers Acid Gases 

Spray chambers | H.S Thermal and catalytic Absorption solution: eth- 

Water jets cracking plants anolamines, potassium 
phosphate, Thylox, so- 
dium phenolate, ete. 
(The solutions are re- 
generated.) 

So, Flue gases, chemical Absorption solution: 
plants NaOH, (NH,)2SO;- 
NH,.HSOs, water, alka- 
line solution. (Chemi- 
cals must be replenished.) 
Dimethylamine (regen- 
erated). 
HNO; Chemical plants Absorption solution: alka- 
line solution. 
Incineration 

Flares Hydrocarbons Oil fields, refineries Venturi burners or steam 
injection required for 
smokeless combustion. 

Fume burners |H:S Oil refineries, chemical |SO, is product of combus- 

plants tion. 
Malodors |Rendering plants, refin- |Temperature required 900- 
eries, chemical plants, 1200°F. 
paint manufacturing, 
food processing, etc. 
Catalytic com- {Organic vapors |Litho and enameling Catalysts: platinum, nick- 
bustion ovens, com- el. Temperature _re- 
pounding, plastics, etc. quired 500°F. 
CO, oil vapors, _|Catalytic cracking unit 
NH; regenérators 
Adsorption Organic solvents |As above Mediums: activated char- 
odors As above coal, silica gel, activated 
alumina. Mediums re- 
generated by heat and 
stripping; disposal of 
liberated odors, etc., by 
incineration or other 
means. 
Vapor recovery Gasoline, crude Storage tanks Vapors may be compressed 
systems oil, and other and liquefied or may be 
volatiles burned as fuel or flared. 
Floating roofs* Gasoline, crude |Storage tanks 
oil, and other 
volatiles 


*A floating roof is a cover on a vertical cylindrical type of tank which rests on the surface of the liquid 
within the tank and moves as the level of the liquid changes. 
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control measures. Over the past 50 
years, many scientists have contrib- 
uted their individual studies on sam- 
pling procedures, measurement tech 
niques, instrumentation, analysis of 
stacks, and the influences of meteor- 


ology. These techniques have been - 


accepted and applied to air pollution 
roblems in this country and abroad. 
ile the field has not reached the 
degree of standardization that is ex- 
perienced in the older engineering 
fields, it is now possible to define the 
air pollution problems for a given 
plant or for a community. 

This definition begins with a com- 
plete understanding of the topogra- 
phy and meteorology in relation to 
either the single plant problem or the 
community problem of air pollution. 
Following this study, analysis of the 
source, or sources, to define the physi- 
cal properties, or chemical properties, 
of the contaminants is necessary. 

Once the nature of the problem is 
determined and the sources and 
weather facts are evaluated, control 
measures can then be devised to re- 
lieve the detrimental effects resulting 
from atmospheric pollution. Where 
prolonged inversion conditions cre- 
ate a community problem, the effects 
can be minimized only by a control 
program against all air contaminants. 
Single sources may be treated to re- 
lieve local nuisance conditions. Re- 
gardless of the degree of control 
measures required, three basic meth- 
ods can be applied to reduce the 
various contaminants which may be 
conviently classified as aerosols, va- 
pors and specific gaseous contami- 
nants. 

(1) Reduction at the source is ac- 
complished by the installation of col- 
lection equipment, improving the de- 
sign of basic equipment, or through 
operational changes which inhibit the 
discharge to the atmosphere. 

(2) Dilution of the source is ac- 
complished by using sufficient air to 
make the discharge unobjectionable. 
Tall stacks illustrate one means of ap- 
plying this principle. 

(3) Allocating the use of the land 
to prevent harmful concentrations 
from occurring at a single source, or 
from an area having many sources, 
can be an effective measure. In ap- 
plying this principle, the mass rate 
of emission from an area is prorated 
over the acreage utilized by the 
sources. Either the acreage to be oc- 
cupied, or the total contaminants dis- 
charged can be regulated to avoid 
harmful concentrations. The mass 
discharge will be governed by the to- 
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tal activity in a given area. 

In applying any one of these three 
approaches, the engineer must con- 
sider the question of degree of im- 
provement to the air, or the efficiency 
of control equipment. It is unfor- 
tunate that so little progress has been 
made to provide standards which 
will assist in this determination. If 
the economic factors alone are con- 
sidered, the control official, or engi- 
neer, will decide in favor of the least 
expensive and, usually, lowest effi- 
ciency equipment. All too frequent- 
ly, a trial and error approach is used 
which, at best, is time consuming and 
costly. If the decision is based upon 
the premise that the community can- 
not afford the luxuries of half-way 
measures, then the best known engi- 
neering process will be required. The 
fact that specified limits for stack dis- 
charges, or for allowable levels in the 
atmosphere, cannot be standardized 
at this time, leaves the matter to the 
judgement and the experience of the 
parties involved to come up with the 
control measures which will satisfy 
the public complaints. At the pres- 
ent time there is no immediate solu- 
tion in sight for this problem, yet the 
efforts and experience of this asso- 
ciation can be utilized to establish 
criteria for proper solutions and can 
do a great deal to avoid the promul- 
gation of standards which are too 
often hastily considered. 


Health Research 


In the event that health studies on 
air contaminants should conclude 
that any category of air pollutants 
in the general atmosphere affected 
health, the matter of setting limita- 
tions would be rapidly concluded. A 
final determination of acute effects, 
or chronic effects of air pollutants, 
by health authorities, would undoubt- 
edly result in very precise standards, 
such as are found today for the pro- 
tection of workers indoors. 

This whole subject is indeed con- 
troversial at this time. Any survey 
on the literature over the past 50 
years clearly indicates a divided set 
of opinions between medical authori- 
ties on the potential effects of air 
contaminants on the general public. 
For the most part, all such conclu- 
sions were pure opinion and not 
based upon complete clinical or epi- 
demiological studies. The past 10 
years have seen a decided accelera- 
tion of research in the laboratory and 
in the field. The products resulting 
from partially oxidized gasoline va- 
pors have been shown to produce 


cancers on the skin and in the lungs 
of animals when exposed to concen- 
trations near those found in the at- 
mosphere in some areas. The effects 
of ozone are being studied by several 
investigators, and increased emphasis 
is being placed upon dust and fumes 
in the sub ,» particle size ranges 
Now that techniques are available 
for identifying the air contaminants. 
it can be expected that this work wil! 
proceed with much more accuracy 
and more emphasis than was showr 
in the past. 

Because of the dramatic incidents 
of serious effects of air contaminants 
in London and Donora, the public 
fear of the unknown has been stimu- 
lated. Governmental health authori- 
ties have been pressed to answer the 
question on effects to the public. The 
growing concern as to the possibili- 
ties of explaining the great increase 
in lung cancer as a result of our in- 
crease in air contaminants has been 
marked during 1956. Many people 
have already made up their minds 
that air pollution affects their health. 
Air pollution officials cannot afford 
to ignore these pressures on the 
health aspects of the air pollution 
problem. Until such time as com- 
plete proof is available, and standards 
have been developed, the safe ap- 
proach is to control to the maximum 
of our engineering knowledge. New 
industrial processes should be care- 
fully analyzed and studied for con- 
trol measures. Internal combustion 
engine exhausts, which contribute 
such large tonnages to the general 
atmosphere of our cities must ulti- 
mately be controlled. Studies should 
be continued to find solutions for the 
reduction of sulfur dioxide in power 
plants and refineries. 

As in all matters of engineering, 
economic consideration must be given 
to the relative costs of the different 
control processes, but the protection 
of a valuable resource, such as our 
atmosphere, can best be safe-guarded 
by the control official who considers 
that he cannot afford the luxury of 
half-way measures. 

In conclusion, it is well to consider 
two statements made in the past year. 
The Cancer Research Journal carried 
an article which concluded with this 
statement: A review of the factors 
relating atmospheric pollution to lung 
cancer both on the epidemiological 
and experimental level, warrants its 
incrimination as one of the dominant 
agents etiologically associated with 
the increase in mortality from lung 
cancer now being reported in various 
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regions of the world.) Recently a 
world famous scientist, in reviewing 
this subject before a group of doc- 
tors, made the following statement: 

From 1775 until 1957, but particu- 
larly during the last 50 years, indus- 
trial research and medical research 
jointly, by chemical analysis and 
practical application on animal and 
plant life, has led an array of bril- 
liant scientists to the conclusion that 
hydrocarbons are mainly responsible 
for cancer increase. 

Those hydrocarbons come from in- 


‘1) Dr. Paul Kotin 


dustrial plants and daily human ac- 
tivities such as operation of automo- 
biles, Diesel buses, incinerators and 
household burners, with the result 
that we live in an atmosphere sup- 
plied continuously with carcinogenic 
agents. Those dreadful products en- 
ter our lungs and our stomachs, for 
they settle on food in shops and vege- 
tables in the fields.“*? 

These conclusions, together with 
the daily evidence of the control of- 
ficer, seems to speak clearly for maxi- 
mum controls on all forms of pollu- 


(2) Eugene J. Houdry 


tion for which solutions are known, 
and clearly indicates the need to de- 
velop control measures for emissions 
of hydrocarbons from industry and 
motor vehicles. This Association 
and the control officer in the field 
have the prime responsibility for in- 
suring that the application of engi- 
neering principles is soundly applied 
to all sources which will protect the 
public from any nuisance or hazard, 
and that the necessary legal tools are 
obtained to accomplish this objective 
in each community. 
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A Review and Appraisal of Air Pollution 
Legislation in the United States* 


SAMUEL M. ROGERS 


United States Department of Health, Education, and Welfare 


Historically, the anti-smoke regu- 
lations of England, drawn up in the 
14th Century, might be considered 
the earliest recorded legislation deal- 
ing with an air pollution problem. 
During the latter half of the 19th Cen- 
tury the problem of smoke in many 
American and European cities was 
sufficiently serious to result in the es- 
tablishment of various smoke commis- 
sions to inquire into the causes and 
prevention of smoke. 

Although there had been private 
litigation with regard to smoke in St. 
Louis as early as 1864, the first ordi- 
nance in this country, giving specific 
authority to a local government to 
regulate it, was adopted by Chicago 
in April 1881. Cincinnati adopted a 
smoke ordinance in November 1881 
and St. Louis in 1893. By 1912, 23 
of 28 cities with more than 200,000 
population had smoke abatement pro- 
grams. 

The great impetus in the enactment 
of air pollution control legislation 
occurred shortly prior to and follow- 
ing World War II. Comprehensive 
control of air contaminants is a fairly 
recent development and over 80% of 
all present municipal air pollution 
abatement ordinances reviewed have 
been enacted in the last 15 years (Ta- 
ble I). It becomes readily apparent 
that such legislation occurred as a re- 
sult of a tremendous industrial growth 
along with a rapid population growth 
of our larger cities. The reaction to 
the problem of air pollution in many 
areas was the enactment of control 
legislation. Unfortunately, however, 
many of our laws on the subject of 
air pollution are antiquated and lack 
adequate factual substantiation. This 
occurred in spite of the research that 
was undertaken during the early dec- 
ades of this century. It appears, 
therefore, that a considerable lag pe- 
riod ensued between the completion 
of the studies and the acceptance and 


* Presented at the 50th Annual Meeting 
of the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 
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application of the results by communi- 
ties. In this connection, the need for 
determination of basic criteria of air 
cleanliness in the community atmos- 
phere still exists. Such criteria, 
whenever possible, should best be 
based on definite scientific data and 
considered in relation to the signifi- 
cance of all the pollutants present. 
Obviously, in those areas where sig- 
nificant air pollution problems exist, 
interim control activities, based on 
the best information available, should 
be inaugurated. 


Legislative Material Reviewed 


The legislative materials utilized 
for this review were obtained in re- 
sponse to a questionnaire distributed 
in the early part of 1956 by the Air 
Pollution Control Association in con- 
nection with the preparation of a 
Directory of Smoke and Air Pollu- 
tion Control Agencies. The air pollu- 
tion legislation of 110 cities forms the 
basis of this review. In addition, cer- 
tain aspects of air pollution legisla- 
tion in seven States is briefly pre- 


sented, However, before the findings — 


are presented in detail, it is desirable 
at this point to consider certain legal 
aspects which provide the basis of 
+g of the legislation enacted thus 
ar. 


Legal Aspects of Air Pollution 
Control 


The governmental structure of the 
United States is based on the Con- 


stitution. In this durable document, 
the States are established as the pri- 
mary entities for the enactment 0° 
legislation governing the activities o° 
our citizens. The role of the Federa 
Government is set forth generally a: 
one of providing for those matters 
most properly treated by a single 
agency as the representative of the 
several States. The Tenth Amend- 
ment, a part of the Bill of Rights, 
adopted in 1791, 4 years after the 
ratification of the Constitution, spe- 
cifically reserves for the States or the 
people the right to exercise all pow- 
ers not delegated to the Federal Gov- 


ernment. 


States, under the powers reserved 
for them as previously mentioned, 
may undertake to provide for the con- 
trol of air pollution through the use 
of the common law relating to nuis- 
ances (common law being a code of 
practice resulting from court deci- 
sions and custom). Such actions are 
cumbersome and, in addition, there is 
no course of action available to the 
enforcement official to require the 
control of the situation by employ- 
ment of suitable engineering tech- 
niques, especially upon initial con- 
struction. 

States also may be construed to 
have the power to declare certain acts 
or situations to be nuisances which 
are not such at common law. To de- 
clare air pollution or the emission of 
pollutants into the atmosphere to be 
a nuisance simplifies the control ac- 


TABLE | 
110 Cities With Air Pollution Ordinances By 
*Year Of Present Ordinance Adoption 


en 1911-1920 | 1921-1930 | 1931-1940 | 1941-1950 | 1951-1956 
Under 50,000 1 3 7 13 
50,000-99,000 1 3 8 9 
100,000-199,000 7 9 
200,000-499,000 7 6 
500,000-999,000 3 4 2 
1,000,000 & over 1 3 3 

*Note: The date used is that of the most recent ordinance adoption. 
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TABLE I! 
Administrative Air Pollution Agency 
In 110 Cities Having An Air Pollution Ordinance 


t.of | Dept. of AP. 
Population Health AP. Control Other None Total 
group Safety Pt. Works | Control | District 
- Under 50,000 2 6 4 4 2 -- 6 4 32 
50,000-99,000 2 2 3 3 3 2 + 7 26 
100,000-199,000 2 4 - 3 4 _- 4 2 19 
200,000-499,000 1 6 3 2 — 1 2 1 16 
500,000-999,000 2% 2 1 % 2 1 1 — 10 
1,000,00 & Over 1 — 1 — 1 3 1 — 7 
% of Total 10 18 1h 1l ll 6 16 16 
1ent, 
pri- ton just described by eliminating the of their locality, surroundings, or (3) Control of community air 
to necessity of proving the existence of | manner in which they may be con- pollution sources from be- 
s 0° ¢ nuisance in each case. ducted; and third, those which in yond community bounda- 
era. The police power available to their nature may be nuisances but as ries. 
y as ‘tates merits serious consideration as to which there may be honest differ- (4) Community awareness and 
ters tne basis for a control program. Un- _ ence of opinion in impartial minds. inte est. 
ngle cer these powers, laws may be en- However, no activity which cannot be Properly drafted legislation will 
the :cted to provide for the regulation of shown to be a nuisance in fact, may delineate the scope of responsibility 
=nd- }uman behavior, the conduct of busi- _ rightfully be declared to be a nuis- of the administrative agency and, in 
hts, ress, the use of property, and so on, _ance per se by a legislative body, nor = turn such responsibility Rice Soe 
the with reference to the maintenance of | may a State or municipality author- the type of agency most suitable to 
spe- public order, and the protection of ize by law an act which can be shown carry out the program of air pollu- 
the ihe public health, safety, morals, and _ to be a nuisance. tion control. To carry this considera- 
heel crder. _ Under these very broad, but Findings tion one step further, we must recog- 
;OV- vot unlimited powers, a program can ree nize that in the drafting of legisla- 
he provided which will effectively The legislation under study re- tion there is usually a balancing of 
ved bring about control of air pollution. vealed a multiplicity of local govern- equities which may affect the scope 
Reasonable requirements can be es- mental agencies responsible for the administrative 
one tablished regulating emission of pol- administration of air pollution con- 
use lutants, use of equipment, processes __ trol legislation (Table II). Although Enforcement Agent 
nis- and materials, plan approval and per- _—6 agencies are indicated as the prin- eR SET eee 
of mit systems, and other facets of a cipal ones, we find that there were 18 aaa call dined nw ficial 
suitable air pollution ordinance. Such communities which utilized other lo- he 
are a law need not be based on past find- _cal agencies, and 18 communities did 
>is ings, court decisions, or custom, but _not designate any specific agency in trol legislation (Table ill). th — 
the can be originally established in ac- their ordinance. Of the ordinances the lesislati 
the cordance with the desires of the pub- _—reviewed, approximately 40% desig- 
oy- lic expressed through their official nate their Department of Public red 
representatives and maintained by Safety, Building Department, or fi ici al The 
suitable amendments to the law or by Health Department as the enforce- oll lati 
revision of rules and regulations, if ment agency. Other departments 149 
such are provided for. following closely in frequency of des» sified y 
There are 2 general legal ap- ignation are the Departments of Pub- th Listed Table ll 
h proaches to air pollution control by Works and specifically created “1 
le local communities; i.e., public nuis- Departments of Air Pollution Con- that at least 
f ance and specific legislation. In the trol. It appears that the choice has d be. 
absence of specific legislation, control almost always been to seek an exist- fice 
of a source of pollution can be ef- ing municipal agency and add air 
fected in practically every jurisdiction pollution control to its other duties. (a) 
in the United States by proving to A solution becoming more fre- 7 B P 
the satisfaction of the court that it quently utilized is the establishment The 
creates a public nuisance. Air pollu- of an Air Pollution Control District. ontrol ( Pp): D. (c) The Com- 
— tion per se is not considered a com- _ This procedure has been successful » 
6 mon law nuisance unless it is proved _ in areas involving large or small com- (9 the administrator of the program 
joyment of life and property. combinations. It offers a number of . . : 
Nuisances are further classified as distinct advantages which may 
first, nuisances per se, i.e., those acts listed as follows: ontro aed 
which have been so designated by (1) Full-time air pollution con- Sound administrative practice dic- 
common law or ‘statute; second, acts trol program. tates that the duties of the Air Pollu- 
which in their nature are not nuis- (2) Per capita cost/square mile tion Control Officer be specified for 
r ances but may become so by reason of coverage is less, purposes of clarity in the ordinances 
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TABLE II! 


Enforcement Officer Designation 
. In 110 Cities Having An Air Pollution Ordinance 
Smoke Department 
Population A.P. Control} Health Bureau of : Building 
ewes Engineer Officer — AP. Control Commis. Inspector Other None 
p. sioner 

Under 50,000 2 2 7 2 2 3 8 6 

50,000-99,000 2 5 1 1 3 4 5 

100,000-199,000 + 1 — 5 2 2 4 1 

200,000-499,000 5 3 2 2 2 1 

500,000-999,000 1 1% 3% 3 = n- 1 — 

1,000,000 & over 2 1 — 1 3 -- — — 

% of Total 17 8 16 13 9 9 16 ll 3 
of the respective communities. It will Definitions certed efforts to control air pollutioa 


be observed that regardless of com- 
munity size with respect to popula- 
tion generally the principal duties of 
the Air Pollution Control Officer are 
as follows: 


a. The investigation of com- 
plaints and the investigation 
and observation of air pollu- 
tion conditions. 

b. The examination of plans and 
specifications for new con- 
struction and reconstruction 
or alteration of fuel-burning 
equipment and issuance of in- 
stallation permits. 


c. Inspection of new installations 
and issuance of operating 
permit or certificate. 

d. Enforcement of provisions of 
the ordinance, orders, rules, 
and regulations. 


Other duties may be the dissemi- 
nation of information to the public, 
inspection of existing installations, 
conduct of research, technical assist- 
ance, and the development of rules 
and regulations. In general, the du- 
ties are those related to abatement 
and prevention of air pollution prob- 
lems. It is significant to note, how- 
ever, that although it may be im- 
plied, there is rarely any specific 
mention of the need for development 
of a broad program to secure com- 
pliance with the ordinance provision 


Our review reveals that 78% of all 
air pollution control ordinances under 
study contain a section dealing with 
the definition of specific terms (Table 
IV). It.is significant to note that al- 
though communities of over a half 
million always provide for a section 
on definitions, many of the smaller 
communities fail to do so. In the 
group of communities of less than 
50,000 population, only 53% of the 
ordinances contain a section of defi- 
nitions. 

The inclusion of suitable defini- 
tions is of major importance to the 
successful implementation of an ordi- 
nance. Failure to do so results many 
times in dispute as to intent and scope 
of the ordinance provision requiring 
both legal and administrative inter- 
pretation. It is most desirable that 
the ordinance be prepared in the 
clearest terms possible so that intent 
is apparent and not subject to misin- 
terpretation. 


Boards—{Advisory, Appeal, 
Hearing, etc.) 

The extensive utilization of ad- 
visory and appeal boards in addition 
to affording a device for the holding 
of hearings by the administrative or 
enforcement officer reflects the level 
of development of knowledge concern- 
ing air pollution control and the con- 
sequent broadening of the base of 


concerned. administrative responsibility. Con- 
TABLE IV 
Definitions In Air Pollution Ordinances Of 110 Cities 
Population . % of group 
group Provided providing None 
Under 50,000 17 53 15 
50,000-99,000 20 77 4 
100,000-199,000 17 89 2 
200,000-499,000 . 15 94 1 
_ 500,00-999,000 10 100 0 
- 1,000,000 & Over 7 100 0 
Steely 78% of the ordi iewed provided a section defining certain terms used in the 
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are of relatively recent origin ani 
there has been no extensive backlog 
of data upon which to make objective 
determinations. In those areas where 
measurements of one type or another 
are made, they must be interprete 1 
along with other factors which ar: 
not adequately measured and are at 
times subjectively determined. This 
has led to the practice of using boards 
which may advise the control offi- 
cials as to program and enforcement 
actions and other boards which hea- 
appeals on actions of enforcement of- 
ficials. Certainly the use of boards 
is a safety device to assure a reason- 
able and nonarbitrary approach to 
air pollution control. In some com- 
munities the advisory and appeal 
functions are incorporated in one and 
the same board. Most communities 
which use an advisory board also 
delegate to that board the responsi- 
bility of approving the rules and regu- 
lations developed by the Air Pollu- 
tion Control Officer. Of the 32 com- 
munities having less than 50,000 
population, whose ordinances were 
reviewed, only 31% provided for a 
board of any type; however, in the 
larger population groups greater use 
is made of various board (Table V). 
Usually all the more elaborate pro- 
grams provide for appeal to a hear- 
ing board. Generally the agency 
with the right to summon witnesses 
and put them under oath must guar- 
antee rights of counsel and give a 10- 
day notice of hearing. Some pro- 
grams also allow the appeal board 
wide discretion in granting variances 
from the air pollution regulations, 
especially when the consequences of 
not granting the variance may prove 
disastrous to the industry in question 
or affect the community’s economic 
stability. 


Smoke Emission Prohibitions 


Most air pollution control ordi- 
nances describe dense smoke and de- 
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TABLE V 


Provision For Boards 
In Air Pollution Ordinances Of 110 Cities 


Population APC — boards Special boards % of 
group a b c ab ES Ge | ab | abo group 
Under 50,000 1 2 3 2 1 1 22 31 
50,000-99,000 1 2% 1) 1 6 3 1 ll 58 
100,000-199,000 % Ys, 2% 1 5% % 2 1 2 4 79 
200,000-499,000 1 2 3 1 1 1 7 56 
500,000-999,000 1% % 2 2 1 1 2 80 
1,000,000 & Over % 2% % % % 1 1 86 
Totals 1% 5% 3% 3% 6% 201s 4 6 7 5 47 
Approximately 53% of the communities provide one or more boards in d with ord q' 


Note: a — Advisory 
b — Appeal 
c — Rules & Regulations 


care such smoke a nuisance. It is 
a parent from Table VI that the most 
commonly accepted standard for de- 
t -rmining the density of smoke emis- 
sons is the Ringelmann Chart. In 
some communities it is permissible 
t» use any other chart or standard 
laving equivalent shades of grey, 
\ hen viewed at the intended viewing 
cistance for each. Other instruments 
cr devices permitted are the micro- 
ltingelmann Chart, the Smoke Scope, 
end Umbrascope. 
Smoke emission density limits most 
commonly employed are of 2 types: 
a. Those ordinances which pro- 
hibit emissions equal to or 
greater than No. 2 of the 
Ringelmann Chart except for 
limited periods for fire clean- 
ing or building when no spe- 
cifke limit is established, This 


provision occurred in ap- 
proximately 46% of the ordi- 
nances (Table VI). 
b. Those ordinances which per- 
mit No. 2 smoke at all times 
and in excess of No. 3 for lim- 
ited periods during fire clean- 
or building. This provision 
appeared in 22% of the ordi- 
nances reviewed (Table VI). 
Although not presently included in 
a large number of ordinances, much 
new impetus has developed which 
would include a prohibition of smokes 
other than black or grey. It would 
prohibit emission of air contaminants 
of such opacity as to obscure an ob- 
server’s view to a degree equal to or 
greater than the smoke prohibited by 
the use of the Ringelmann Chart. 
A rather recent innovation involves 
the use of a table of permissible 


TABLE VI 


Smoke Standards Classification 
Of 110 Cities Having Air Pollution Ordinances 


smoke emissions on the basis of the 
type and size of source and location. 
This procedure offers a rational ap- 
proach to the problem of smoke emis- 
sions and its effectiveness may be en- 
hanced when employed in conjunc- 
tion with suitable zoning regulations. 


Particulate Matter Emission 
Prohibitions 


A study of Table VII reveals a 
rather wide variety of dust emis- 
sion prohibitions principally result- 
ing from various processes of com- 
bustion. There are two limits of 
emission which account for 50% of 
those communities having an ordi- 
nance provision dealing with this 
item. These provisions are: 

a. Dust or fly ash emission limi- 

tations of not in excess of 


0.85 lb./1,000 Ib. of stack 


Population II VI VII 
Vill Non 
Under 50,000 2 8 9 1 2 4 6 
50,000-99,000 1 14 2 6 1 1 1 
100,000-199,000 i 11 1 4 1 1 
200,000-499,000 2 10 4 
500,000 999,000 1 5 1 1 1 1 
1,000,000 & Over 3 3 1 
Approximately 93% of the ordinances reviewed provided for a smoke density limitati 
Footnote: (Table VI) 


Class II: 


Class III: 


Class V: 


Definition of Ordinance Classifications 
Based on the Measurement of Smoke Density 


Ordinances which allow short periods of No. 2 smoke: 

A. But may not exceed No. 3 for stated periods for fire cleaning 
or building. 

B. And may exceed No. 3 for stated periods for fire cleaning or 
building. 

Ordinances which allow No. 3 smoke at al Itimes: 

A. But may not exceed No. 2 at any time. 

B. But may not exceed No. 3 for fire cleaning or building. 

C. And may exceed No. 3 for fire cleaning or building. 

Drdinances which allow No. 3 smoke at all times: 

A. But may not exceed No. 3 at any time. 

B. And allow periods in excess of No. 3 without specifying or in 
addition to fire cleaning or building. 
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C. And may exceed No. 3 for fire cleaning or building. 


Class VI: Ordinances which define smoke density using the Umbrascope and 
net in terms of the Ringelmann Chart. 
Class VII: Ordinances which do not, or only loosely, define the smoke density 
prohibited. 
Class VIII: Table establishes limits on basis of type and size of installation. 


Ringelmann Chart. This is the most widely used method and was sponsored by 
the U. S. Bureau of Mines. The smoke density is expressed on a scale of 0, 
1, 2, 3, 4, and 5. No. 1 smoke allows 80% of the transmitted light to pass 
through, No. 2 allows 60%, No. 3 allows 40%, No. 4 allows 20%, and No. 5 
allows none of the transmitted light to pass through. 
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TABLE VII 


Particulate Matter—(Standards) 


Of 110 Cities Having Air Pollution Ordinances 


Population 
pena 1 2 3 4 5 6 7 8 9 Other None 
Under 50,000 3 1 1 3 1 3 20 
50,000-99,000 1 1 2 1 2 21 
100,000-199,000 1 1 3 1 1 3 1 10 
200,000-499,000 2 1 ; 1 1 6 0 5 
500,000-999,000 1 1 1 1 2 1 2 3 
1,000,000 & Over 2 2 1 1 1 2 1 
FOOTNOTE: (TABLE VII) 


Column 1 — 0.4 gr./ft.3 of gas calculated to 12% CO2 — combustion. 
Column 2 — Process weight table for other than combustion. 

Column 3 — 0.85 lb./1000 lb. of gas — adjusted to 50% excess air. 

Column 4— Not more than 0.2 lb. of dust larger than 44,,/1000 Ib. of gas. 
Column 5 — 0.35 gr./ft.3 at 500°F. — not > 50% excess air. 


Column 6 — 0.75 gr./ft.2 at 500°F. — not > 0.2 gr./ft.3 > 4. — not 


> 50% excess air. 


gases adjusted to 50% excess 
air (11% Table VII); and 

b. Dust emissions not in excess 

of 0.85 lb./1,000 lb. of stack 
gases adjusted to 12% car- 
bon dioxide (CO.) (12% 
Table VII). 

These emission limits attempt to 
prevent excessive dilution of the stack 
effluent which would violate the in- 
tent of the ordinance. Further ex- 
amination of the remaining limits or 
standards indicates a wide variation 
in the quantity of dusts permitted to 
be emitted from the stacks. In some 
cases a provision is contained with 
regard to size, limiting particulate 
matter dimensions. Not more than 
0.40 lb. of particulate matter/1,000 
lb. of gases should be retained on the 
325-mesh U. S. standard sieve. In 
others, there are specific provisions 
relating to industrial dusts and fumes 
which limit emisisons on the basis of 
the weights of material processed. 

Review of the ordinances of 32 
communities with less than 50,000 
population showed 63% did not have 
any ordinance provision specifically 
dealing with dust or fly ash. Analy- 


Column 7 — 0.30 gr./ft.3 at 500°F. 
Column 8 — 0.85 lb./1000 Ib. — adjusted 12% COo. 
Column 9 — 0.2 Ib./1000 lb. not > 4u- 


Note: Some comunities have specific provision relating to particulate matier 
from bustion or b 


ion 


sis of ordinance provisions where 
there is greater industrial activity in- 
dicates that the problems of dust 
emission control have received great- 
er attention. Although approximate- 
ly 45% of the ordinances reviewed 
provide for control of dust emission, 
it is important to recognize that such 
provisions generally impose responsi- 
bility for determination of such emis- 
sions. This, in turn, requires the 
availability of adequately trained per- 
sonnel. 


Other Standards 


In addition to specific dust emis- 
sion limits, the emission of other con- 
taminants is controlled by a general 
provision relating to an air pollution 
nuisance and one which prohibits the 
discharge of such quantities of air 
contaminants or other material which 
causes injury, detriment, nuisance or 
annoyance to any person or the pub- 
lic or which endangers the comfort, 
repose, health or safety of any person 
or the public or which causes or has 
a natural tendency to cause injury or 
damage to business or property. Al- 
though this is a highly inclusive pro- 


TABLE VIII 
Air Pollution Nuisances And Other Standards 


vision, its effectiveness is dependent 
upon the ability of the enforcement 
agency to demonstrate that a nui:- 
ance did exist. Under conditiors 
which may be transitory in nature, 
the establishment of existence of a 
nuisance is difficult. In spite of the 
handicaps indicated, the inclusion of 
such provisions is desirable, provided 
that the local governments have suc. 
authority delegated to them by the 
State constitution, or statutory pro- 
visions, or by means of a local chart- 
er. This provision was included in 
74% of the ordinances reviewed 
(Table VIII). 

It is noted that only 18 out of 110 
community ordinances reviewed had 
a provision establishing maximum 
limits on solid fuel’s volatile content 
(Table VIII). The range of maxi- 
mum volatility permissible varies 
from 20 to 26%, the majority using 
23% as the limit. 

In connection with the establish- 
ment of limitations for specific con- 
taminants other than smoke and 
dusts, only 3 of the 110 ordinances 
reviewed restricted the emission of 
sulfur compounds calculated as sul- 


Of 110 Cities Having Air Pollution Ordinances 


Population A.P. Fuel — (% volatility) 50, 
group nuisance 20 21 23 24 %6 
Under 50,000 22 1 2 
50,000-99,000 16 2 1 1 
100,000-199,000 13 2 1 
200,000-499,000 14 1 1 1 
500,000-999,000 10 1 3 1 
1,000,000 & Over 6 1 1 1 
Total 81 18 3 
% of Ordinance Reviewed 74% 16% 3% 
FEBRUARY 312 JOURNAL 


contre 
fical 
nent 
the c 
terati 
erally 
requi 
and 
trol a 
Upon 
prior 
mit ¢ 
inten 
venti 
meri! 
meal 
possi 
ure 
bilit 
both 
cally 

O 


der. 
for | 
and 
and 


of 


Under 
50,000 
100,00 
200,00 
500,00 
1,000, 
Total 
Jo of 
Note: 
di 
by vol 
487, 
the 
tion 
usu: 
tion 
for 
mit 
I 
mal 
vie 
tab 
ule 
the 
um 
rec 
ou 


TABLE IX 


Permits And Fees Required 
In 110 Cities Having Air Pollution Ordinances 


— yoni Installation Operation Fees 
Under 50,000 14 14 11 12 
50,000-99,000 12 12 10 10 
100,000-199,000 11 11 7 10 
200,000-499,000 12 12 9 9 
500,000-999,000 10 10 20 10 
1,000,000 & Over rf 7 6 § 
Total 66 66 53 56 
% of Ordinances Reviewed 60% 60% 48% 51% 


Note: Certificates of Operation, where required, are issued after inspection of installation or alteration, 
also as a result of annual inspections (23.5%). 


fir dioxide in each instance to 0.2% 
by volume (Table VIII). 


Permits and Fees 


One of the principal devices for 
control of air pollution sources, spe- 
c fically fuel burning, is the require- 
ment of installation permits prior to 
tie construction, installation, or al- 
teration of such equipment. Gen- 
erally, plans and specifications are 
required to be submitted for review 
and approval to the air pollution con- 
trol agency before a permit is issued. 
Upon completion of installation and 
prior to actual use, an operation per- 
mit or certificate may be issued. The 
intent of such provisions is of a pre- 
ventive nature and, to this extent, has 
merit. Of course, it also provides a 
means of registering point sources of 
possible air pollution. This proced- 
ure does place considerable responsi- 
bility upon the control authorities, 
both -administratively and_ techni- 
cally. 

On the basis of the ordinances un- 
der review, we find that 65% provide 
for issuance of an installation permit 
and 60% require submission of plans 
and specifications; however, only 
48% of the ordinances provide for 
the issuance of a certificate of opera- 
tion (Table IX). This certificate is 
usually issued subsequent to inspec- 
tion of the installation. Very few of 
the ordinances contain authorization 
for suspension or revocation of a per- 
mit for cause. 

It will be observed that approxi- 
mately 50% of the ordinances re- 
viewed contained provisions for es- 
tablishment of a fee schedule (Table 
IX). The criteria for such sched- 
ules are variable; in some instances 
the fees are based upon furnace vol- 
umes; in others, the square ft. of di- 
rect radiation are used; or BTU/hr. 
output; or area of the grate surface; 
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in others, a simple fee assessment 
method is utilized depending upon 
the type of consumer involved. 


Severability Clause 


Only 50% of the communities un- 
der consideration had a separability 
or severability clause included in 
their ordinances (Table X). 

The failure to include a clause deal- 
ing with the legality of the ordinance 
was common in all population groups 
with a greater preponderance in the 
smaller groups. The desirability of 
including a clause of this type is ob- 
vious. It prevents the possibility of 
nullifying the effectiveness of the en- 
tire ordinance in the event of court 
ruling against the administrative 
agency from an action concerning a 
section, clause, or sentence of the 
ordinance. 


Variances 


The granting of variances is pro- 
vided for in only 29 of the 110 ordi- 
nances reviewed or approximately 
26% (Table X). This device per- 
mits the granting of a variation from 
compliance with certain requirements 
of the ordinance concerned. Nor- 
mally, the issuance of a variation is 
dependent upon the weighing of the 


equities involved and the advantages 
and disadvantages to the residents of 
the community and to any lawful 
business, occupation, or activity in- 
volved, resulting from requiring com- 
pliance with said requirements or re- 
sulting from granting a variance. 


Sale of Fuel-Burning Equipment 

Some communities utilize a provi- 
sion in their ordinance which requires 
the reporting of sales of fuel-burning 
equipment by the seller. This provi- 
sion may be in addition to the re- 
quirement for installation permits. 
Generally, such reporting exempts 
equipment used in private residences. 
Only 18% of the ordinances reviewed 
contained such a provision (Table 
X). The distribution indicates more 
frequent inclusion of this provision in 
higher population groups. A provi- 
sion of this type usually requires ad- 
ditional clerical assistance and the 
cooperation of persons selling such 
equipment. The relative value of re- 
quiring reporting of sales of fuel- 
burning equipment is open to consid- 
erable debate. 


Enabling Authority 
It has been reported on the basis 
of a recent survey that air pollution 
control agencies were created by cer- 
tain legal devices as follows: 


State Law 17% 
Local Charter 8% 
Local Ordinance 79% 
Board Regulation 2% 
Administrative Order 2% 
Other 3% 


Note: /n some cases more than one 
device was employed which accounts 
for the total percentage exceeding 
100 


Further analysis indicates that the 
local ordinance was the legal device 
used most frequently for establish- 
ment of the basic legal authority for 
an air pollution control program of 
the community. 


TABLE X 


Miscellaneous Ordiriance Provisions 
In 110 Cities Having Air Pollution Ordinances 


Population Separability Variance Reporting sale 
group clause authority of equipment 
% Group % Group % Group 
Under 50,000 ll 34 4 13 4 13 
50,000-99,000 13 40 9 35 3 12 
100,000-199,000 13 68 4 32 3 16 
200,000-499,000 9 56 1 6 3 19 
500,000-999,000 a 50 5 50 4 40 
1,000,000 & Over 4 57 4 57 3 43 
Total . 55 29 20 
% of Ordinan : 
Reviewed 50% 26% 18% 
313 Vol. 7, No. 4 
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In another recent study, it was con- 
cluded that approximately 10,000 
communities in the United States have 
local air pollution problems. By’ 
breaking down this estimate with re- 
spect to population and urbanization 
and by subtracting from this break- 
down a similar one for the number 
of these communities which already 
have some form of specific air pollu- 
tion control legislation, it is found 
that there are approximately 7,500 
jurisdictions in which there is need 
for some form of legislation. It is 
further estimated that over 95% of 
this need lies in communities of less 
than 25,000 population. 

The consideration of legislation 
for the control of air pollution at all 
levels of government requires the de- 
termination of a need for such legis- 
lation. Logically, following such de- 
termination, is the drafting of the leg- 
islative provisions. In this connec- 
tion, certain broad guidelines are de- 
sirable. A basic criterion for the in- 
clusion of a provision is that it will 
aid in accomplishing the purpose of 
the legislation, recognizing the equi- 
ties involved. It has been the effort 
of most legislative acts to promote 
equity for all concerned on the con- 
cept that the amounts of air contami- 
nants should be limited so that there 
will not be too much, but permitting 
the atmosphere to function as a re- 
ceptor of such materials to the limits 
of its capacity. The fundamental 
problem to be resolved is the estab- 
lishment of reasonable limits which 
prevent any health, economic, or 
technical hazards based on an evalua- 
tion of the factors affecting air pollu- 
tion levels of the area concerned. 

As indicated earlier, legislation is 
the effort of a legal entity to meet a 
problem of significant importance to 
it. Essentially, it provides a tool, but 
the successful utilization of this tool 
is dependent upon competent adminis- 
tration of the control program. A 
number of the ordinances reviewed 
failed to provide any administration 
of the control program, and some of 
the ordinances reviewed failed to pro- 
vide any administrative structure. 


Police Powers 


Most jurisdictions have basic po- 
lice powers adequate to abate atmos- 
pheric nuisances originating within 
their own boundaries. There is 
need for legislative indication as to 
which governmental unit of the juris- 
diction is to exercise these powers. 
Where this responsibility is placed is 
a matter for determination by local 
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and political considerations. How- 
ever, it is of paramount importance 
that such responsibility be placed in 
such a manner that will permit es- 
tablishment of a competent staff, both 
in number and specialized training. 

It has become generally recognized 
that the control of air pollution re- 
quires consideration of the problem 
on an area or basin concept, wherein 
the air pollution area is unique unto 
itself. Consequently, the legislation 
may provide a mechanism to achieve 
control beyond the limits of the juris- 
diction concerned. The methods of 
achieving such control, dependent 
upon appropriate enabling legisla- 
tion, might include the establishment 
of district-wide control involving one 
or more jurisdictions. It should be 
emphasized that whatever legislative 
approach ,is adopted, it should be 
based on the magnitude of the prob- 
lem, both in terms of the area in- 
volved and the levels of air contami- 
nants present. It is obvious that ac- 
ceptance of the concept of unique- 
ness, in turn, requires that legisla- 
tion should be specifically adapted 
to meet the problems of the jurisdic- 
tion or area rather than the adoption 
of so-called model ordinances, 


State Legislation 


Although organized State air pol- 
lution control activities have not been 
common, there has been an increas- 
ing interest in such programs in re- 
cent years. This interest has been 
accompanied, or perhaps has been 
generated, by acute episodes of air 
pollution which have caused human 
death and illness, by increasing inci- 
dence of irritative effects, nuisance 
and damage to agriculture and struc- 
tures, and by increasing cognizance 
of the complexity of the technical 
problems involved in the control of 
air pollution. There has been in- 
creasing demand for action at the 
State level to supplement the recog- 
nized local legal responsibilities for 
air pollution control. In fact, in a 
great majority of the States, more 
and more effort is being made to as- 
sist local governments in the solution 
of their air pollution problems even 
where specific authorizing legislation 
or funds specifically appropriated for 
this purpose are lacking. 

Of the several laws specifically au- 
thorizing comprehensive State air pol- 
lution control programs, all except 
one have been enacted since 1954. 
There is considerable variability 
among these enactments. There has 
been relatively little operating expe- 
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rience with these laws, and the cir. 
cumstances vary in the several States 
involved. 

In Oregon, New Jersey, and New 
York, the new laws establish an Air 
Pollution Control Authority, Com. 
mission, or Board within the State 
health departments. In Massachu- 
setts, the law places authority in the 
State Department of Public Health 
without the creation of any special 
boards or commissions. In Califor- 
nia, the law authorizes the State De- 
partment of Public Health to main- 
tain a program of air sanitation con- 
sisting principally of surveillance ard 
extension of technical assistance. 

The laws of Massachusetts, New 
Jersey, New York, and Oregon gi'e 
the State agency power to promulga‘e 
rules and regulations related to tle 
control of air pollution througho it 
the State, and to outline procedur::s 
for dealing with violations. In addi- 
tion, in Massachusetts, rules and regu- 
lations may be promulgated by tle 
State agency for application in a sp»- 
cific town only; a similar provision 
in the New Jersey law permits tke 
State agency to promulgate rules and 
regulations specifically for controlling 
air pollution in those areas of the 
State which have pollution problems. 
The recently enacted legislation of 
the State of New York provides for a 
2-yr. period of study of the problera 
by the Air Pollution Control Board 
prior to promulgation of rules and 
regulations or codes. In each of these 
States, although the health depart- 
ment administers the law, that agency 
is not limited to considerations of the 
effects of air pollution on health. 

The Massachusetts and New Jersey 
laws deal with the relationships be- 
tween the State agency and local gov- 
ernmental units in some detail. In 
Massachusetts, municipalities are au- 
thorized to regulate air pollution 
within their respective boundaries, 
with the rules and regulations subject 
to review by the State Department of 
Public Health. The New Jersey law 
charges the State agency to organize 
a county air pollution control asso- 
ciation in each county where it is con- 
sidered advisable. 


Interstate Compacts 


In many areas air pollution prob- 
lems involve 2 or more States and an- 
other device of government is neces- 
sary to achieve the desired results. 
The device is one provided in Article 
1, Section 10, Clause 3, of the United 
States Constitution, the Compact 
Clause. This clause reads no State 
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shall, without the consent of Congress, 

enter into any agreement or compact 

with another State, or with a foreign 
wer. 

We have available to us a mecha- 
nism for positive cooperation among 
the States of the Union through the 
compact clause. We are experiencing 
a growing need for joint State action 
to meet problems that, although local 
in character, are beyond the jurisdic- 
tional reach of any one State. Al- 
though we will deal principally with 
the interstate compact arrangement, 
other means of cooperation among 
Siates are also available such as the 
wiiform law, the reciprocal law, and 
the administrative agreement. 

The essential elements of the in- 
terstate compact are: 


a. It is formal and contractual. 


b. It is an agreement between 
the States themselves, similar 
in content, form, and wording 
to an international treaty, and 
usually embodied in State law 
in a separate document called 
the compact. 


c. In certain cases, consent of 
Congress is necessary. 


d. The compact takes precedence 
over ordinary State statutes. 


e. It can be enforced by suit in 
the Supreme Court of the 
United States. 


In 1935, Congress approved an in- 
terstate compact between the States 
of New York, New Jersey, and Con- 
necticut for the purpose of abating 
existing water pollution in the waters 
around New York Harbor. Pur- 
suant to the compact, the 3 States set 
up the Interstate Sanitation Commis- 
sion. On August 3, 1956, Congress, 
by joint resolution, amended its ear- 
lier action and consented to the States 
of New York, New Jersey, and Con- 
necticut conferring upon the Inter- 
state Sanitation Commission the 
power to make studies of smoke and 
air pollution within any and all of 
the territory served by the Commis- 
sion. (Connecticut, the third party 
to the original compact, agreed to the 
study by the Commission provided it 
did not become financially liable for 
such undertaking.) 
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This is a historic step in that it is 
the first time a number of States 
acted together through the means of 
interstate compact to study a com- 
mon air pollution problem. 


Conclusion 


Experience in the operation of air 
pollution control programs reveals 
the need for developing ordinances 
which meet the needs of the area of 
jurisdiction rather than the adoption 
of so-called model air pollution ordi- 
nances. 
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A Method of Estimating the Field of 
Instantaneous Ground Concentration 
From Tower Bivane Data* 


There are a number of formulae 
available [Sutton or Bosanquet and 
Pearson] to estimate the time mean 
ground concentration from an ele- 
vated source. Numerical evaluation 
of these formulae requires determina- 
tion of 2 or 3 parameters which are 
rather poorly defined functions of at- 
mospheric conditions. From an ap- 
plied point of view, estimates of the 
field of quasi-instantaneous ground 
concentration are of greater practi- 
cal interest than are estimates of the 
1 or 2 hr. mean concentration. 

The purpose of this paper is to pre- 
sent a simple hypothesis enabling one 
to estimate the field of instantaneous 
concentration close to the source from 
tower bivane data. The field of in- 
stantaneous concentration is then 
meaned over a period of 1 hr. and it 
is shown that these time mean con- 
centrations yield about the same re- 
sults as a Sutton or Bosanquet type 
formula. 

A large part of the observational 
material presented here was taken at 
Buchanan, New York, under the 
sponsorship of the Consolidated Edi- 
son Co. of New York. The terrain 
is quite rugged and the meteorologi- 
cal condition which interested us 
most was strong wind flow over a 900 
ft. ridge 2 miles to the west of our 
site. This condition was considered 
critical since the effluent from the 
proposed stack had considerable buoy- 
ancy which would prevent ground 
contamination in light winds. 

The hypothesis presented in the 
following sections is considered to be 
applicable to strong wind speeds only 
since little observed data is available 
for low winds and it is felt that con- 
vective and other effects may serious- 
ly disturb the bases upon which the 
hypothesis rests. 


* Presented at the 50th Annual Meeting of 
the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 
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Fig. 1. Schematic of plume dimensions. 


Hypothesis 


Photographic observation of a 
cold smoke emitted from an elevated 
source strongly suggests that the be- 
havior of the plume in a vertical 
plane can be described by 2 essential 
processes. The first of these is the 
location of the instantaneous center- 
line of discrete plume segments in the 
xz plane; the second is the local ex- 
pansion of the plume around its in- 
stantaneous centerline. Fig. 1 is a 
sketch of the processes assumed to be 
acting and describes the coordinate 
system used. 

The essence of the hypothesis pre- 
sented herein is that the translation 
of plume segment centerlines is ¢_v- 
erned by eddies whose characteristic 
period is on the order of 10 sec. 
while the local rate of expansion of 
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Fig. 2. Vertical travel of four typical smoke 
puffs in 10-sec. intervals. 


& 


HEIGHT ABOVE GROUND (m) 
> 


the plume around its instantaneous 
axis is governed by high frequency 
eddies whose characteristic periods 
are much less than 10 sec. 


Distribution of Plume Segment 
Centerlines 


We first treat the position in space 
of the centerlines of smoke plume 
segments. The observational material 
consists of smoke photographs taker 
at 10 or 20 sec. intervals from abou 
5000 ft. normal to the mean wind. 
In Fig. 2 we have plotted the center. 
line of identifiable portions of a 
smoke plume as a function of distance 
downwind. The data points were 
taken from photographs 10 sec. apart. 
It is evident that a straight line con- 
necting these points can reasonably 
be made to pass through the source. 
This suggests that a knowledge of the 
initial vertical orientation of a plume 
segment is sufficient to specify the 
position of the segment up to about 
2000 ft. from the source, which is the 
effective limit of our observations. 


This type of motion is also apparent 
from the smoke plume motion pic- 
tures made at Brookhaven. When run 
backward the smoke appears to move 
back to the origin in straight lines. 
The observed quasi-linearity in the 
xz plane implies that 


D w 
(1) (O,7 ty) \ 


where w is the mean 10 sec. vertical 
velocity at the origin, V2 is the equiva- 
lently averaged horizontal velocity, E 
is the elevation angle of the bivane, 
and t, is a successive 10 sec. time in- 
crement. As long as equation (1) 
holds true the vertical position of the 
center of a plume segment is given 
simply by 
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tribution for lapse condition U = 10 m/sec. 


= Rtan E (0, t,) 


wiere R is the radial distance from 
the source. For a source of height 
h the centerline of a segment will 
ir tersect the ground when the radial 
d stance from the source is 


(3) R = —-hcot E (0, t,) 


The longitudinal distribution of 
points of impact is given essentially 
by the probability distribution of cot 
F (O,t,). An assumption similar to 
(1) for the lateral direction (not con- 
firmed experimentally) leads to the 
conclusion that the points of inter- 
ssction of the centerlines along a fixed 
are will be distributed according to 
the probability distribution of sin a, 
or for small angles simply a. Here a 
is the deviation of the 10 sec. mean 
azimuth angle from an hourly mean 
a, assumed to be zero. We will make 
the further assumption that P(a) for 
any group of elevation angles is iden- 
tical with P(a) for the entire range of 
E observed during an hour’s run. An 
example of such a distribution is 
given in Fig. 3. 


Local Plume Expansion 


So far we have been dealing with 
the motion of fictitious points. We 
now deal with the expansion of the 
actual plume. Fig. 4 is a plot of the 
vertical width of the plume meaned at 
fixed distances downwind from the 
source as measured from sequences of 
photographs under a variety of wind 
conditions. It is evident that in the 
mean the local rate of vertical expan- 
sion of the plume is a linear function 
of distance downwind. Photographs 
from below the plume taken at 100 
ft. and at 1000 ft. downwind indicate 
that the lateral dimensions of the 
plume are about the same as the ver- 
tical dimensions. Assuming for sim- 
plicity that the concentration is uni- 
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form on any cross-section the instan- 
taneous concentration in the plume 
is 


(a= 


Q 
+ BR)*U 

where r, is the value of the extrapo- 
lated half-width at R = O, and 8 is 
the half slope (in radians) of the 
curves shown in Fig. 5. R is the radial 
distance from the source, and Q is the 
source strength. 

The lower edge of the plume will 
strike the ground when 


(5) R = —hcot (E - g) 


and the instantaneous concentration 
at the point of striking the ground is 


(6) 
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Fig. 4. Local rate of expansion of instan- 
taneous plume. 


Here h is the height of the source. 
An average value of @ for all test 
conditions is seen from Fig. 4 to be 
of the order of 0.055 rad. 


After the segment touches the 
ground we assume that diffusion con- 
tinues at the same rate as in (4), 
but that the cross-section of the seg- 
ment changes shape. One possible 
shape which retains the same average 
concentration is a semi-ellipse with 
major axis on the ground, and with 
major and minor radii equal to 


and respectively. This 


implies a spreading of the plume to a 
width 50% greater than it would have 
at this distance aloft; although the 
concentration would be the same as 
given by (4). 


Mean Concentrations 


It is a consequence of the above 
assumptions that the time history of 
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instantaneous concentration at a point 
on the ground will be a sequence of 
step functions of constant amplitude. 
The total time during which the point 
will experience this concentration de- 
pends on the probability distributions 
of E and a. 

Using small angle approximations, 
the fraction of the total number of 
emitted plume segments which will 
cross a fixed arc on the ground at a 
distance R is given by 


<2] 


which is obtained from the cu- 
mulative frequency distribution of 
elevation angles. Examples of such 
cumulative frequency distributions 
are shown in Fig. 5 for typical 
atmospheric conditions as observed 
at Buchanan. Experimental evidence 
indicates that the velocity of these 
plume segments after contact with 
the ground will be about 1% of the 
mean wind speed which exists at the 
point of emission (300 ft.). There- 
fore, the fraction of time that the 
segments will be crossing this arc 


will be 
(7) 2P[ (E-B) <- 


Of the total time which all points 
on the arc detect smoke, a fixed point 
will be exposed a fraction equal to 


3i 
1)B This is the 


area under the P(a) curve (Fig. 3) 
over a width of a equal to 38. The 
index i may assume any value. The 
maximum value of the integral is ob- 
tained when i = 0.5. Typical values 
for various atmospheric conditions 
and 8 = .055 are shown on the fol- 
lowing page: 
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Fig. 6. Comparison of observed and pre- 
dicted duration of smoke on ground. 


1.58 
P(a) da o(a) 


-1.58 (rad) 
Lapse 
Light Winds 0.18 0.35 
Lapse 
Strong Winds 0.25 0.26 
Adiabatic 0.40 0.16 


The time mean concentration at a 
point on an arc R distance downwind 
is given by 


(8) c=2P [(E-B) 


P(a)da 
3(i-1)B 


Q 
a (ro + BR)* U 
It will be noted that for large dis- 
tances from the source, the first 
factor in equation (8) approaches 
a constant and the mean concentra- 


tion thereafter is proportional to 
1 


. The cross-wind distribution 


R? 

is given by the statistics of the sec- 
pe term. Since, by hypothesis, the 
distribution P(a) is independent of 
E or R, the o of the ground concen- 
tration is proportional to R. In this 
form, equation (8) resembles the 
Bosanquet-Pearson solution more than 
it does the Sutton solution. 


The downwind location of the point 
of maximum mean concentration 
may be obtained most easily by nu- 
merical evaluation of ¢ versus R. 

The ratio of the instantaneous to 
the mean concentration at a given 
point is given by 

1 


P(a)da 


This ratio may assume values be- 
tween 2 and 4 for large values of R 
with i = % and approaches infinity 


for small values of R or large abso- 
lute values of i. 


Verification of Hypothesis 


Several comparisons were made be- 
tween the results predicted by the 
hypothesis and observed data or oth- 
er theoretical predictions. 


(a) Consecutive photographs of 
smoke being emitted from the top of 
the 300 ft. tower at Buchanan per- 
mitted the calculation of the fraction 
of time the smoke was seen to be on 
the ground at specified distances 
downwind from the stack. The 
equivalent time fraction is predicted 
by the hypothesis as given by equa- 
tion (7). Fig. 6 shows the observed 
and predicted values for the strong 
wind lapse case (average of 66 photos 
in two 11 minute series). The pre- 
dicted values were calculated from 
the cumulative probability distribu- 
tion of E shown in Fig. 5 with R — 


-h 91.5 
(E-B) ~  (E-.055) 


agreement is fair, considering the lim- 
ited number of smoke observations 
and the possibility of misinterpreta- 
tion of the smoke outline in the 
photos, 


The 


(b) The predicted time mean con- 
centration may be compared with 
that of Sutton. Assuming r, = 0 in 
equation (8), we obtain with i — yy 


h 
=P[ (E-B) <- 
+1.58 
P(a)da° 


Fig. 7 shows curves of this quantity 
for a typical 4 mph. lapse condition, a 
typical 22 mph. lapse and an 18 mph 
adiabatic condition. The first term 
was computed from the appropriate 
frequency distribution (Fig. 5) using 
h = 91.5 m. and B = .055. Values 
of the second were taken from the 
table above. 


We show the light wind case mere- 
ly to demonstrate that the location of 
the maximum is reasonable; it is 
probable that 8 is greater for the 
light wind case than assumed. The 
point of maximum concentration is 
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Fig. 7. Curves of mean axial concentraticn 
for typical atmospheric conditions. 


close to the source for the light wind- 
lapse and moves farther downwind 
as the wind speed increases or as tke 
temperature gradient approaches tle 
adiabatic. This is what is traditiona - 
ly expected. The equivalent Sutto. 
equation for maximum mean concer - 
tration is 


2Q eh? C, 
Assuming = landh=915n. 
y 


yields a value of 44 10-® whic1 
lies in the neighborhood. of the pre- 
dicted maxima. 


(c) It would be desirable to checx 
the instantaneous concentrations pre- 
dicted by the model. Unfortunately, 
the only concentration traces avail- 
able to use under strong wind speed 
lapse conditions are for distances of 
2000 and 2800 m. from the source. 
We have plotted one such trace (Fig. 
8) obtained at 2800 m. from the 
source which the meteorology group 
at Brookhaven has kindly provided. 
It may be seen that the peak concen- 
trations tend to reach the same values 
time after time. Assuming that £ at 
Brookhaven is the same as at Buchan- 
an (0.055 radians) and r, = 4 m., 
the instantaneous concentration pre- 
dicted by the present model (with 
Q = 4 gems./sec., U = 10 m./sec.) 
is 56 10-* mg./m.* which com- 
pares rather well with the observed 
peaks of about 60 mg./m.*. 


The predicted time mean concen- 
tration may be obtained from equa- 
tion (8). Since the distance is rather 
large it is safe to take 


1.58 
the integral j P(a)da 
-1.58 
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is about 0.35 at Brookhaven, and the 
mean concentration is therefore about 
020 mg./m.* compared to the ob- 
served value of .018 mg./m.* 

Such good agreement at large dis- 

tances from the source is a little sur- 
prising since we would not expect our 
assumptions to be valid at great dis- 
tances from the source. To set the 
record straight, the other set of data 
taken at 2000 m. downwind at about 
the same time indicates that our mod- 
el overestimates both the instantane- 
ous and mean concentration by a fac- 
tor of 3. It is difficult to reconcile 
the two densitometer traces since the 
}aaximum concentration at Brook- 
haven generally occurs at about 700 
ra. for their B; case while for the 2 
iraces on hand the 2800 m. station 
has a greater mean concentration than 
‘he station at 2000 m. In any event, 
ince the same factor applies to both 
‘ean and instantaneous concentra- 
ions, our model predicts the per cent 
ime substantial amounts of smoke 
vas on the ground correctly for both 
vases. 


Conclusion 


The very simple model presented 
.n this paper seems to yield approxi- 
mately the correct gross results for 
che mean concentration close to the 
source under strong wind speed con- 
ditions and therefore inferentially 
yields instantaneous concentrations 
which cannot be too greatly amiss. 
The parameters defining the distribu- 
tion of smoke on the ground are di- 
rectly observable from tower observa- 
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tions, while the parameter which de- 
termines the concentration value, £, 
is directly observable from smoke 
photographs. The concentrations are 
rather sensitive to 8 values and intro- 
duce a factor of 2 as 8 varies from 
05 to .07. 


Extension of the present model to 
cover the case of non-uniform con- 
centration distribution would result 
in a more realistic form for the in- 
stantaneous concentration. 

For greater distances downwind, 
the effect of plume width becoming 
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greater than the characteristic vertical 
length of an eddy should be consid- 
ered as well as the loss of correlation 
in the azimuth of the plume trajec- 
tory. 
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Public Relations for the APCA Member’ 


JOHN M. VON BERGEN 
Airkem, Inc. 
New York, New York 


It is not the purpose of this discus- 
sion to glorify public relations, or to 
put haloes over the heads of profes- 
sional public relations people. Nor 
are we concerned with the theories of 
influencing public opinion. 


Public relations is something you, 
as members of the APCA have, wheth- 
er you want it or not. If handled in- 
telligently it can work to your advan- 
tage, if disregarded it can develop 
into a serious obstacle to success in 
your field. 


The job ahead for public relations 
may be more important than we now 
realize. America is a growing dy- 
namic country. We are a restless peo- 
ple. There are those who feel that 
big business is anti-social and should 
be controlled. We are members of a 
control association. 


The 50 year story of the Air Pollu- 
tion Control Association is the story 
of the hopes and accomplishments of 
100,000 men (and women) in this 
country. It is the story of service to 
the public and industry that is hard 
to equal in history. It can be told 
best by each member showing as ef- 
fectively as he knows how, what he is 
doing to make this country a better 
place in which to live. 


The term public relations is not 
simply a synonym for publicity. It 
consists, first of all, of doing the right 
thing and letting people know about 
it. It is not a job which could be left 
to a few professional people. It is 
everybody’s job in general, and as 
members of the Air Pollution Control 
Association it is your job in particu- 
lar. 

Many business men (and individ- 
uals) measure values in solid dollars 
and for good reason. Good will how- 
ever is usually carried on the books 
by the accountants as a one dollar 
item, Salaries are normally paid on 
the basis of the number of statistical 
reports that are turned in and num- 


ber of miles traveled. 


Good will is worth much more than 
a dollar, it is not so difficult to meas- 


Presented at the 50th Annual Meeting of 
the Air Pollution Control Association held 
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ure, and for this reason we should 
avoid this depreciation on the balance 
sheet and in the payment for services. 


Here is a for instance, a small but 
nationally known manufacturing plant 
in New England burned to the 
ground. The plant, the equipment, 
the inventories, and the company’s 
business records were a total loss. 
There was a little insurance to cover 
the loss, but not enough to get the 
business going again. With accounts 
receivable records gone the one tangi- 
ble asset upon which money could be 
borrowed was also gone. It was a 
discouraging situation for the three 
brothers who owned the business. 


Fortunately over the years the own- 
ers had earned a reputation for being 
honest. They had always paid their 
bills promptly. They treated their 
employees well and their employees 
liked their jobs. The suppliers val- 
ued their business. They were re- 
spected by their customers. They did 
have an asset which was not shown 
on the books. 


As a result of the good opinion 
held by members of this community 
for the owners, a one and a half mil- 
lion stock issue was quickly over-sub- 
scribed locally. They were back in 
business. In spite of a complete loss 
good will was the one intact asset. 


Good public relations does not re- 
quire a million dollar budget. It can 
be the result of many small things as 
well as the result of strategically 
planned projects. What you do, may 
be the thing to do, and may be well 
done. On the other hand it may be 
the subject of misunderstanding and 
misinterpretation. Therefore the do- 
ing, while important, is not enough. 
With doing you must obtain under- 
standing and with understanding you 
sell yourself and your method of op- 
eration. 

An air pollution control officer in 
order to be effective must be skilled 
not only in the technology of the field, 
but in public administration, in com- 
munity leadership, and face to face 
dealings with representatives of gov- 
ernment, other governmental agen- 
cies and divisions, business and in- 
dustry at all ranks and stations. 


What Is The Problem? 


It has been said that the biggest 
single problem in the field of air pol- 
lution control work today is that sal- 
aries and prestige levels of control of- 
ficials are too low. 


To hold and attract top caliber zir 
pollution control men will benefit te 
community. To so benefit the com- 
munity requires the honest earning of 
public understanding, acceptance and 
support. The net result will be to 
lower the total cost of air pollution 
control to the community. To ean 
the net result requires positive action 
on the part of each member of this As. 
sociation. As the accepted profes- 
sional authority in the field we shoud 
be willing and expert at providing ac- 
curate and understandable informa- 
tion to the public, industry, business, 
local government, and to the newly- 
budding agencies coming into the 


field. 
How Is The Job Done 


A good way to make a start is to 
determine the need. This is not the 
need for information, but the need for 
what information. It is a rather sim- 
ple procedure. The method is simply 
to get objective opinions. Three 
methods follow: 


1. Determine the opinions of 
how effective the air pollution 
control program is, as ex- 
pressed by members of the 
city administration and em- 
ployees; 

2. Determine the opinions of the 
man on the street, in addition 
to the merchants, the indus- 
trial managers and home own- 
ers; 

3. Determine the attitude of peo- 
ple generally by person-to- 
person questioning of those 
who formulate public opinion 
in the community, such as 
newspaper editors, teachers, 
the clergy, and political ex- 


perts. 


This information can be obtained 
by informal discussions on an indi- 
vidual basis. In large areas the base 
can be broadened by obtaining the 
cooperation of university instructors, 


JOURNAL 


of 


| aided 
| sista! 
| zatio! 
not | 
publi 
Th 
a su 
pk 
com! 
publ: 
of tl 
be 1 
work 
of th 
ness 
| imp« 
serv 
the r 
remi 
doin 
The 
| anal 
und 
1. 
2. 
3. 
4. 
A 
tenc 
whe 
The 
frie 
are 
obj 
rigl 
der: 
As 
be 
Ba 
elir 
bar 
stat 
enc 
mo 
wh 
hay 
or 
sta 
to. 
me 
log 
ins 
15 
| sta 
he 
| wo 
| do 

320 


Best 
pol. 
sal. 


1 of. 


eir 
the 
ig of 
and 
e to 
tic m 
ean 
tion 
As. 
ac: 
rma- 
1ess, 
wly- 
the 


NAL 


aided by their students or by the as- 
sistance of serious high school organi- 
zations, The opinion gathering need 
not be and should not be a drive or 
concerted effort and does not require 
publicity. 

The very fact that you are making 
a survey or have made a survey is 
the pa Ss of your interest in your 
community and the opinions of the 
community. This is a start in good 
public relations. A careful analysis 
of the needs for information should 
be made and a personal strategy 
worked out for gaining understanding 
of the problems exposed. A willing- 
ness to share these results can be an 
important factor in itself and can 
serve as a useful public relations tool. 


Now let’s take a look at analysis of 
the need for information and the aside 
remarks on what public things we are 
doing in the way of an effective job. 
The classification headings of the 
analysis will probably best be grouped 
under the following descriptions: 

1. What air pollution control? 

2. Are you kidding? 

3. You stink. 

4. A very slight improvement has 

been made. 


Although there is always a slight 
tendency for us to agree with those 
who agree with us, avoid this pitfall. 
The most severe critics are your best 
friends. The most stupid criticisms 
are your most valuable tools. The 
objective is not to prove that you are 
right. The objective is to obtain un- 
derstanding and gain cooperation. 
As difficult as this may seem, it can 
be done. 


Barriers to Good Communications 


Good communications require the 
elimination of several barriers. One 
barrier is the lack of mutual under- 
standing between people. The differ- 
ence in background, ambitions, and 
motivations create mental blocks to 
what you have to say. You do not 
have to change your own background 
or motivations, but it helps to under- 
stand the other fellow’s. So it helps 
to listen. 


The second barrier is that the usual 
means of communication may not be 
logical at all. The word smoke for 
instance, may have 15 meanings to 
15 different people. So try to under- 
stand what your critic means when 
he uses words, — his words, not your 
words. 

Another barrier is the failure to 
listen intelligently. Communication 
does not exist on a one way street. If 


you are traming an answer or ration- 
alizing while you listen, you are not 
getting results. 


Probably one of the greatest bar- 
riers to understanding is the so-called 
method of using formal communica- 
tion. Forms to fill out, channels to go 
through, organization charts to show 
the channels to go through, are all de- 
vices used to obtain lack of under- 
standing. 


The man who is insecure insists on 
formal channels of communication 
and having done so is secure and in- 
effective on the lower rung of the to- 
tem pole. 


Far more simple, effective and posi- 
tive, is the informal method. The 
man who needs the information gets 
it directly from the man who has it. 
You have the information, and the 
public needs information. What can 
be done? 


Methods of Communication 


The positive approach is to use the 
successful known methods of commu- 
nication. They have been developed 
for almost any known situation. Your 
main problem is to select those that 
suit your personality and your par- 
ticular need. 


Public Talks and Appearances 


Any member of the APCA who is 
not willing and able to get up and 
make an extemporaneous talk on 
what he’s doing for the community 
is not worth his pay. With patience 
and practice any person can become 
a better than average speaker. In 
nearly every community there is some 
facility for personal improvement in 
making a public talk. Usually there 
are local toastmasters groups or 
courses in public speaking. Member- 
ship in these groups gives the confi- 
dence any speaker must have to make 
the desired impressions on an audi- 
ence and to put his story across most 
effectively. If for no other reason, 
such preparation will arm you against 
those speakers who have nothing to 
say and do not know how to say it. 


A little practice goes a long way. 
It is well to start with small groups 
and over a period of time build up 
to larger audiences. The subjects 
should be selected with consideration 
for the group interest. A talk to a 
business group might be handled en- 
tirely different than a talk to a stu- 
dent or teacher group. A presenta- 
tion of City Air Pollution Control 
would be excellent for groups like Ki- 
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wanis, Lions, Rotary Clubs, Chambers 
of Commerce, men’s business organi- 
zations, American Legion Posts, and 
other local service organizations. 
Since you are providing a real service 
to the community, the possibilities for 
explaining this service in their lan- 
guage are unlimited. 

For parent-teachers associations, 
high school groups, vocational coun- 
sellers and groups interested in oppor- 
tunities for young people, the subject 
of A Career in Air Pollution Control 
would be of extreme interest. Gar- 
den groups and women’s clubs would 
be interested in Air Pollution Control 
and Plant Life. 


While the programs of many Wom- 
en’s Clubs are cultural and social, 
women are increasingly civic-minded 
and are extremely important from a 
public relations standpoint. Many of 
these organizations have specific pro- 
grams planned on a yearly basis and 
depend on outside speakers for worth- 
while causes. 

Personal contacts through friends 
will find out what the groups are par- 
ticularly interested in. A well-com- 
posed letter offering a few construc- 
tive suggestions instigated by unself- 
ish motivations will prepare the way 
for invitations. If you have devel- 
oped an effective talk which has been 
made a number of times so that you 
are able to deliver it dramatically, you 
will be hard put to keep up with the 
demand. 

There are more books written on 
effective speech making than there are 
members of the APCA. All of them 
have good points, but most of them 
forget this most important point. 
When a salesman is through with his 
presentation he asks for the order. 
When a politician makes a talk he 
asks for the vote. When you finish 
your talk to your audience don’t for- 
get to tell them what you want them 
to do. And in good faith find out 
what they want you to do. 


Audio-Visual Aids 


The sound-motion picture has be- 
come one of the most important tools 
in positive communications. Unfor- 
tunately the cost of producing a good 
sound-motion picture of 20 to 30 
minutes duration may run from 
$15000 to $30000 and this limits the 
production to a few of the larger cities 
or industrial operations. 

An excellent and inexpensive al- 
ternative is the use of colored slides 
with a simple projector and screen. 


Every APCA member should be 
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- equipped with a 35 mm. camera and 
color film and consistently log the 
conditions, the installations, and the 
before and after effects of their work 
in Air Pollution Control. This visual 
story of the progress made in the re- 
spective community has a terrific and 
dramatic impact. The visual method 
tells a story in seconds while volumi- 
nous written reports may never see 


the light of day. 
Press Relations 


In building good press relations it 
is important to become acquainted 
with members of the working press— 
managing editors, — city editors, col- 
umnists, reporters and photographers. 
A good way to get acquainted is to in- 
vite them out to see the work you are 
doing, the installations, the before 
and after effect. They are interested 
in getting air pollution control news 
since it is good news for the commu- 
nity. . 
The editorial good neighbor policy 
pays dividends. The press is close 
to public opinion and when trouble 
is brewing a cooperative press will 
ask you for an explanation. When 
they do, — give them all the informa- 
tion you can, consistent with the in- 
terests of the principals involved. 
Newsmen are under pressure to get 
facts and they appreciate cooperation. 
Generalities and evasiveness are road 
blocks to public relations and should 
be avoided. 


Publicity Releases 


Directed to the right editors the 
neater and simpler the news release 
appears the more chance it has of be- 
ing read and put to use. A title gives 
the editor a clue as to contents, al- 
though it probably won’t be used. A 
standard size sheet 81% in. by 11 in., 
double-spaced and plain white helps. 
Your name and title should be at the 
top. The date written and day to re- 
lease is required. 

The who, what, when, where, why 
and how belong in the first paragraph. 
Details can follow. These do’s and 
don’ts help: 

Do 

. . - put in all the pertinent facts. 

The editor will cut the story. 

. . . learn when the paper goes to 

press and get in story a day or 

more ahead. 

. . . get the names, dates and sta- 

tistics complete and correct. 
Don't 

. . . submit a story after the event 

takes place. 
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WOVEN CLOTH 


FELT MEDIA 


Here’s why felt filter media traps dust BETTER! 


This magnified view of filter media makes it easy to see why felt is more 
efficient than woven cloth. With cloth, the average opening between thread 
strands is above 10 microns. Felt, however, is made up of closely matted 
fibres and the air travels a tortuous path between the thousands of individ- 
ual fibres. For all practical purposes, the resistance of these media is the 
same. That's why felt filtering media (wool or synthetic) is used exclusively 
in all filters made by DAY. 


Consider this important fact. What happens when these two media 
are cleaned? Woven cloth is cleaned by shaking, rapping or low velocity 
reverse air. In many cases woven cloth is overcleaned, permitting leakage 
until openings between strands are again plugged with dust. The overall 
performance is one of erratic back pressure and filtering efficiency. With 
DAY filters the porosity of the felt media is maintained by automatic coun- 
ter flow air. Back pressure doesn’t vary and peak filtering efficiency is 
constantly maintained. 


Whether your problem is collecting and re- 
covering valuable dust or controlling danger- 
ous or obnoxious dust; write for our free bul- 
letin “DUST FILTER FACTS.” Read this bulletin 
carefully before you decide on any dust filter. 
It contains useful charts and air engineering 
data. It also contains more information about 
the many services and equipment available 
from DAY. Write toDAY for Bulletin F-75. 


SOLD in UNITED STATES by ~™ “ MADE and SOLD in CANADA by 
The DAY SALES Company The DAY Company of Canada Limited 
862 Third Ave. N.E., Minneapolis 13, Minn. fomceN\Geary P.O. Box 70, Fort William, Ontario 
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EQUIPMENT ONLY OR A COMPLETE SYSTEM 
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. . ask the editor to print a story 
as a favor. 

... editorialize or try to give advice 

to the public. 

When submitting photos have them 
made by professional photo-journal- 
ists. 

It is not necessary to wait for per- 
fection to tell the air pollution con- 
trol story. Progress is also good 
news. 


Visiting Officials 
Occasionally invite APCA officials 


from other cities to visit your city or 
plant and when they arrive arrange a 
‘unch with several prominent citizens. 
The local press will usually cover such 
meetings and may send a photog- 
rapher. 


When a local industrial operation 
has completed an air pollution con- 
trol application, arrange to have the 
company invite some of its out-of- 
town officials in addition to out-of- 
town control officials and repeat the 
process. It is well to brief the visi- 
tors for an interview and if the visi- 
tors can sincerely compliment the 
community on the progress made, the 
story may make the front page. 


History Of Your Work 


The 50 year history of the Air Pol- 
lution Control Association will make 
a great public relations story when it 
is put together. On the other hand 
you should not wait 50 years to put 
together the history of the work you, 
your city, or your company has done 
in the field of Air Pollution Control. 
Every public service has something 
worthwhile in its history that merits 
publication. Such a record, in mimeo- 
graph or booklet form is a useful pub- 
lic relations tool. Made available in 
the technical, business, and school li- 
braries it can be useful as a reference 
work. It is a handy reference and 
guide for visitors and extremely use- 
ful for budget purposes. 


Service Clubs and Civic 
Organizations 


| The idea of leadership through 
service to others is a definite concept 
of service clubs and civic organiza- 
tions. The Rotary, the Kiwanis, the 
Lions, the Optimists are all active or- 
ganizations dedicated to the idea of 
serving the community. The impor- 
tant committee of the service club is 
the program committee. This com- 
mittee not only arranges for the 
major activities, but also makes rec- 
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If you're airing a dust control 
problem for industrial process or 
community relations . . . consider 
the factual benefits of field-proven 
Ducon Cyclones for dry collection. 

Hundreds of leading plants 
throughout the world, handling a 
wide variety of products, have 
found that Ducon dry-type collec- 
tors provide the continuous opera- 
tion needed to capture nuisance 
dusts and recover usable product 

.. Most effectively, and with no 
processing down-time for sludge 
clearance. Consult a Ducon field 
engineer who may have a ready 
answer for your specific dust 
control problem. 


Write today for descriptive 


UCON 


‘ep 


147 EAST SECOND STREET NEW YORK 
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ommendations to the board for major 
activities which the club might under- 
take. 


The most important local civic or- * 


ganization, from a public relations 
standpoint, is the Chamber of Com- 
merce. Many commerce chambers 
are interested in attracting industry 
or improving slum areas. Member- 
ship in these organizations and active 


participation in committee planning ~ 


is a must for the alert APCA official 
or member. Some of these groups 
have done an outstanding job with 
the Cleaner Air Week program 
and Cleaner Air Activities are a part 
of the overall program of most serv- 
ice organizations. 

The key to good relations with the 
community is simply being a good 
citizen. To a good citizen the 
APCA member should participate in 
civic affairs, belong to and be active 
in business and service organizations, 
cooperate with local authorities on 
community wide problems and par- 
ticipate in local government. 


Measuring Community Acceptance 


Indications of acceptance to spe- 
cific programs are apparent if looked 
for. It is important to know what 
those who influence public opinion in 
the community think about your pro- 
gram. These people are usually pres- 
ent at luncheon clubs, church affairs, 
business meetings and similar affairs. 
By adroit questioning it is not diffi- 
cult to find out the state of affairs. 

Editorials that appear in local 
newspapers are another indication of 
community acceptance. Newsmen are 
conscious of what interests readers. 
When readers are interested in your 
field it will receive treatment. Clip- 
pings should be kept and reviewed. 

Invitations to community affairs 
are an index of acceptance by mem- 
bers of the community and participa- 
tion generates invitations. 

In measuring community accept- 
ance take every opportunity to write 
letters of courtesy. This keeps your 
name and the name of the Agency be- 
fore as many people as possible in a 
pleasing manner. 

Another important group in formu- 
lating public opinion at the grass 
roots level are the local barbers, tav- 
ern keepers, and taxi-cab drivers. 
Their observations may be pictur- 
esque but are certainly valid and most 
important. 


Summary 


Significant as any indication of 
good performance may be there is no 


substitute for personal performance. 
Not all the good that is done is imme- 
diately apparent. Some heat as well 
as smoke goes up in the chimney. In 
time the good work will be known and 
that is the real objective. 

In the final analysis public rela- 
tions consists simply of doing the 
right thing and letting people know 
about it. Without letting people 
know about it, you may receive your 
reward in Heaven. The use of mod- 
ern good will building methods speeds 
the process and widens your horizons, 
in addition to strengthening your bal- 
ance sheet. 

The Air Pollution Control Asso- 
ciation is the accepted professional 
authority in the field. It is impera- 
tive for its members to be expert in 
providing accurate and understand- 
able information to the community 
and the public. To be expert and 
willing requires action on your part. 

The National Cleaner Air Week 
Committee is prepared with advertis- 
ing, editorial, radio, and tv promo- 


tion mater‘als for the 1958 Cleaner 
Air Week. The National Public Re- 
lations Committee has prepared a re- 
corded interview and additional ma- 
terial spelling out the community ap- 
proach to air pollution control. Slides, 
films, brochures, national articles and 
other aids are being prepared for 
your use. Make use of these aids. 
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“What? A 15% increase in production machinery life?” 


Yes, Pangborn Dust Control can increase your Pangborn offers a complete line of collectors, dry 
machinery life up to 15% or more! Pangborn and wet, for all jobs. 
Dust Collectors trap dust controlled at the source Why not discover how you can profit from 


to prevent the abrasive wear and tear of uncon- Pangborn Dust Control? Write for Bulletin 922 
trolled dust settling in valuable equipment. Pang- 14. paNGBORN CORP., 4800 Pangborn Bivd., 


born Dust Control can save you thousands of Hagerstown, Md. Manufacturers of Dust Control & 
dollars by substantially lengthening the life ex- Clegnin Equipment. 


pectancy of your machinery. 
What’s more, Pangborn gives you other benefits o 
of lower housekeeping costs, higher employee and orn 
efficiency, extra profits from any salvage value and 
better employee and community relations. And CONTROLS 


L of APCA 325 JOURNAL 


es. 


SCRAP YARDS CAN 


BROUGHT UNDER CONTROL! 


Smokatron’s Continuous Auto Burner 
Guaranteed to Comply with Local Ordinances 


Auto burners can now burn between 80 and 150 cars per day without smoke or fumes. 
SMOKATRON equipment was designed especially for the scrap industry by a prominent 
member of that industry since 1893. Competent engineers agree that electrostatic precipi- 
tation is most effective and much simpler to maintain and operate. Our deferred payment plan 
brings smokeless burning within the range of every scrap yard. 


BWA 


Oxy: 

Electrostatic Precipitator ~ por 

DESIGNED FOR USE IN SCRAP YARD deve 
men 

BURNING OPERATIONS tible 


CALL OR WRITE FOR INFORMATION OR DEMONSTRATION 


SMOKATRON 
DIVISION 
SUMMER & CO. 


665 BUTTLES AVENUE 
COLUMBUS, OHIO 
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How Oxy-Catalyst Systems stop industrial 
air pollution—recover waste heat 


New brochure gives facts and figures on typical 
installations — send for your free copy now! 


Oxy-Catalyst Systems for air pollution control and 
waste heat recovery are one of the most important 
and most effective solutions to these problems ever 
developed. Engineered to your individual require- 
ments, they can clean up close to 100% of combus- 
tible pollutants and odors—recover the waste heat 


OXY-CATALYST, INC. 


Wayne 11, Pa., U.S.A. 


Catalysts for fume and odor elimination, air pollution 
control, and waste heat recovery 
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in process exhaust gases — often do both at once. 

This new brochure tells how Oxy-Catalyst installa- 
tions have stopped air pollution—often at an actual 
saving—in a wide range of industries. If air pollution 
is a problem in your operations, write or telephone 
for your free copy now. 


| 
| 
| 
| 
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Oxy-Catalyst, Inc., Wayne 11, Pa. 


Please send me your new brochure on Oxy-Catalyst Sys- 
tems for air “pollution control and waste heat recovery. 


Firm 


Street 


City 


_ 
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Bothered 


Smoke 


Control 


Regulations? 


This Little STEP 


Could Save You Money 


The step you see is a positive measure- 


ment of the length of time of excessive 


smoke accurate to within 6 seconds. 


This record, combined On The Same 
24-Hour Chart with a continuous 
measurement of Smoke Density, gives 
a complete permanent record of per- 
formance—visual proof, in an unbeat- 
able pair, of your efforts to comply with 


the Air Pollution Control Ordinances. 


BAILEY METER COMPANY 


Now you can have such a record—and 
at a very moderate cost—with the new 
Bailey Running Time Recorder com- 
bined with the Bailey Smoke Density 


Recorder. 


You owe it to yourself to investigate 
this unique pair, exclusive with Bailey 
and designed to aid you in complying 
with the Smoke Control Requirements 


of your community. P37-1 
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Here’s the solution to air po 
tion: Wheelabrator cloth -t 
dust collectors. Wheelabrator 
developed cloth filtration to 
highest efficiency, and 
with it simplicity in design 
construction for dependable, | 
cost operation and mini 
maintenance. 


The cloth tubes form a fra 
work on which the contaminat 
material itself forms a filter 

or cake, giving collection effic 


330 S. Byrkit St., 


WHEELABRATOR* cloth tube collectors 


cies approaching 100%. A direct 
shaking mechanism drops the col- 
lected dust directly into hoppers 
from which it is removed. Never 
under tension, even during shak- 
ing, the tubes have long life, re- 
taining their collection efficiency 
at all times. Installed or removed 
individually from the clean air 
side, the tubes are readily accessi- 
ble for inspection. 


Development of special synthetic 
fabrics has extended the benefits 


awaka, Indiana 


stack at all times 


of Wheelabrator cloth-tube effi- 
ciency to operations where hot 
and/or corrosive gases must be 
ventilated. 


Available in a complete range of 
standard models, assembled and 
knock-down, Wheelabrator col- 
lectors are efficient for handling 
‘air at 250 cfm up to hundreds of 
thousands cfm. Special models 
are readily designed for special 
applications. For more informa- 
tion, write today for Catalog 372. 


for dust and fume control at peak efficiency 
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CENTRIFUGES 


With the new M-S-A Particle Size Analyzer, you can start with a minimum investment for 


TUBE PROJECTOR 


measuring particle distribution, and then expand it by the purchase of additional components. 


Design flexibility of new M-S-A® analyzer permits 


low-cost particle size determination 


The M-S-A Particle Size Analyzer is a 
general-purpose device for measuring 
size distribution of small particles. It is 
especially designed for measurement of 
subsieve particles between approxi- 
mately 0.1 and 40 microns. Most air- 
borne dusts, paint pigments, and many 
flours, chemicals, and pharmaceuticals 
lie within this range. 

And to provide the utmost flexibility 


SAFETY EQUIPMENT HEADQUARTERS 


and low cost consistent with the require- 
ments of each application, major com- 
ponents of the M-S-A “equipment have 
been designed as separate units. Com- 
plete analyzer system includes centrifuge 
tubes, feeding chamber, optical tube 
projector, one or more special centri- 
fuges, and tube handling and cleaning 
accessories. Write for descriptive bul- 
letin for further information. 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenue 
Pittsburgh 8, Pennsylvania 
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